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PREK ACK 


The  Report  contains  four  reprints  find  three  unpublished  papers, 
dealing  with  the  two  main  aspects  of  cancer  researcli,  viz.  the  investi- 
gation of  the  peculiarities  of  cancer  cells  and  the  study  of  the  origin  of 
cancer.  It  may  readily  be  granted  that  increased  knowledge  in  both 
directions  is  essential  to  progress,  and  it  might  be  expected  that  the  study 
of  the  origin  of  cancer  should  precede  the  study  of  the  fully  developed 
disease.  It  is  a  fact,  however,  tliat  the  experimental  investigation  of 
cancer  has  followed  the  reverse  order.  The  study  of  transplantable 
growths  of  the  mouse  and  rat,  inaugurated  by  the  work  of  Jensen  and 
Borrel,  was  necessary  to  a  full  appreciation  of  the  difficulties  which 
beset  inquiry  into  the  mode  of  origin  of  cancer.  Long  continued  study 
of  transplantable  tumours  has  convinced  us  that  many  of  the  most 
obvious  characters  which  they  present  are  consequences  of  slight 
biologicnl  differences  subsisting  between  ihe  cells  of  the  organism  in 
which  the  propagable  tumour  arises,  and  the  cells  and  fluids  of  the 
successive  hosts,  belonging  to  the  same  species,  in  which  it  is  growing. 
It  has  only  been  possible  partinlly  to  disentangle  these  accidental 
peculiarities  of  the  growth  of  cancer  from  those  which  are  essential,  by 
a  comparison  with  experiments  in  which  a  spontaneous  malignant  new 
growth  has  been  reinoculated  into  the  animal  in  which  it  has  arisen. 
In  such  autoplastic  experiments  the  phexiomena  of  acquired  and  natural 
immunity,  which  are  so  conspicuous  in  homoplastic  transplantations, 
are  insignificant  or  absent.  Attention  has  therefore  been  diverted  for 
the  present  from  the  phenomena  of  tumour-  and  tissue  immunity  to 
the  fundamental  physiological  process  of  normal  and  cancerous  cells. 

The  relation  of  water  content  to  rate  of  growth  and  the  phenomena 
of  cell  respiration  are  dealt  with  in  papers  by  Drs.  (yrnmer.  Drew, 
Russell,    Gye,    and  Woglom.     It   is   inevitable  in    work  of  this  kind, 
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breaking  fresh  ground,  tliat  it  is  largely  concerned  with  the  develop- 
ment of  suitable  methods,  and  the  results  are  to  a  great  extent  pro- 
visional. Tliis  character  is  enhanced  by  the  desire  my  colleagues  have 
evinced  to  abstain  from  a  hypothetical  development  of  these  new  lines 
of  investigation.  They  have  confined  themselves  to  an  objective 
presentation  of  their  actual  results  and  the  conclusions  v^hich  neces- 
sarily follow  from  them. 

Dr.  Woglom  and  I  have  endeavoured  to  exercise  a  similar  parsimony 
of  speculation  in  presenting  the  preliminary  results  of  experiments  on 
the  production  of  squamous  cell  carcinoma  in  mice  by  tlie  application 
of  coal  tar.  This  method  is  bound  to  take  a  prominent  place  in  the 
future  development  of  the  experimental  study  of  the  origin  of  cancer. 
The  ease  with  which  the  conditions  of  experiment  can  be  varied,  and 
the  exact  nature  of  the  results  verified,  make  it  unnecessary  to  extend 
the  conclusions  by  hypothesis.  In  this  paper,  and  in  the  succe(  ding 
one  on  lymphatic  dissemination  of  cancer,  an  attempt  has  been  made 
to  present  the  results  graphically  hy  diagrams  and  figures  and  thus  to 
reduce  the  verbal  descriptions. 

The  paper  by  Dr.  Da  Fano  on  the  Golgi  apparatus  of  tumour  cells 
represents  part  of  a  laborious  investigation  which  has  occupied  him  for 
several  years.  It  is  of  necessity  almost  entirely  descriptive,  being  the 
necessary  preliminary  to  attempts  to  discover  the  functions  of  this 
delicate  cell  organ. 

The  figures,  unless  otherwise  stated,  are  by  Mr.  W.  Pilgrim,  the 
laboratory  artist.  The  majority  of  those  illustrating  lymphatic  dis- 
semination of  mouse  tumours  are  by  Mr.  J.  R.  Ford.  Messrs. 
Taylor  and  Francis,  the  publishers,  have  met  all  demands  with  unfailing- 
courtesy  and  skill. 

,j.    A.   MURRAY. 


[Seventh  Scientific  lieport  of  the  Imperial  Cancer  Research  Fund,  1921.] 


ON  THE  BIOCHEMICAL  MECHANISM  OF  GROWTH. 
THE  EFFECT  OF  SODIUM  AND  CALCIUM  IONS  ON 
THE  GROWTH  OF  A  TRANSPLANTABLE  MOUSE 
CARCINOMA  ^ 

By  W.  CKAMEK. 


This  puper  contains  an  account  o£  experiments  in  which  rapidly 
growing  mammalian  cells,  namely  the  cells  of  a  transplantable  mouse 
carcinoma,  were  exposed  in  vitro  to  the  action  of  equimolecular  solu- 
tions of  sodium  chloride  and  calcium  chloride  with  the  object  of 
studying  the  resultant  effect  on  their  rate  of  growth. 

The  experimental  details  were  as  follows.  A  rapidly  growing  tumour 
strain — No.  03  of  the  Im[)erial  Cancer  Research  Fund — was  selected, 
which,  when  made  into  an  emulsion  and  transplanted  in  measured 
do.^es  with  a  syringe,  grows  evenly  and  in  a  high  percentage  (90- 
100  7o)  ^^  the  inoculated  animals.  A  tumour,  after  being  freed  as 
much  as  possible  from  all  necrotic  tissue,  w^as  made  with  scissors  into 
a  fine  emulsion.  If  one  tumour  did  not  yield  sufficient  material  two 
or  three  tumours  from  the  same  generation  were  used  and  made  into 
one  emulsion.  One  portion  of  the  tumour  emulsion  was  transf)lanted 
directly  into  mice  by  means  of  the  transplanting  syringe  in  doses  of 
0"02  c.  c.  This  series  served  as  a  control.  Approximately  equal 
portions  of  the  emulsion,  amounting  to  about  0*5  c.c,  were  transferred 
by  means  of  the  transplanting  syringe  to  two  centrifugal  tubes.  These 
tubes  had  a  capacity  of  about  25  c.  c.  and  could  be  closed  by  means  of  a 
rubber  washer  and  a  metal  screw  cap.  Equal  volumes  (about  12  c.c.) 
of  sterile  M/7'5  solutions  of  sodium  chloride  and  calcium  chloride  in 
tap  water  were  added  to  the  two  centrifuge  tul)es,  so  that  the  latter 
were  about  half  filled.  The  tubes  with  the  tumour  cells  suspended  in 
the  two  salt  solutions  w-ere  then  shaken  gently  in  a  shaking  machine  at 
room  temperature  for  periods  varying  in  different  experiments  from 
70  minutes  to  110  minutes.  Since  the  tubes  were  filled  to  only  half 
their  capacity  an  aeration  of  the  solution  w-as  maintained  throughout 

*  Reprinted  by  permission  from  '  The  l>iochemical  Journal,'  Vol.  xii.  No.  3  (October 
1918). 
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this  period.  The  suspensions  were  then  centrifuged  at  a  moderate 
speed  for  about  three  minutes,  and  the  supernatant  fluids,  which 
contained  a  certain  amount  ol:  protein,  derived  presumably  from  plasma 
and  some  necrotic  tissue  which  had  remained,  decanted.  The  two 
masses  of  cells  which  had  collected  at  the  bottom  o£  the  two  tubes  were 
shaken  out  into  two  glass  capsules  and  cut  up  again  with  scissors  into 
an  emulsion.  The  two  emulsions  were  then  transphmted  by  means  of 
the  transplanting  syringe  in  doses  of  0*02  c.  c.  into  two  batches  of  mice. 
Aseptic  conditions  were  observed  throughout  the  experiment.  The 
subsequent  growth  was  then  charted  in  the  usual  way  in  weekly 
intervals. 

The  experiments  gave  a  uniform  result  in  showing  a  distinct  inhi- 
bition o£  the  growth  of  those  cells  which  had  been  treated  with  calcium 
chloride.  Tliis  inhil)ition  manifests  itself  both  in  a  dimunition  of  the 
number  oP  positive  inoculations  and  also  in  a  lessened  rate  of  growth 
of  those  tumours  which  had  taken.  This  latter  effect  is  only  transient, 
as  will  be  discussed  presently.  The  cells  which  had  been  treated  with 
sodium  chloride  gave  the  same  high  percentage  of  positive  inoculations 
as  the  control  batch  and  grew  almost  as  rapidly  as  the  control. 

This  result  naturally  raised  the  further  question  whether  the  inhi- 
bitory eifect  of  calcium  ions  could  be  antagonised  by  sodium  ions. 
This  was  tested  by  adding  to  the  three  series  of  inoculations  used  in 
the  experiment  which  has  just  been  described,  a  fourth  series  of  inocu- 
lations in  which  the  cells,  after  having  been  suspended  in  a  calcium 
chloride  solution,  were  further  treated  with  a  sodium  chloride  solution. 
This  experiment  was  carried  out  in  the  same  manner  as  the  experiment 
detailed  above,  except  that  three  centrifuge  tubes  were  charged  with 
equal  proportions  of  a  tumour  emulsion.  Two  of  these  tubes  received 
a  il//7"5  CaCl2  solution.  After  shaking  these  three  suspensions  for 
equal  periods,  centrifuging  and  decanting,  the  cells  contained  in  one  of 
the  two  OaCls  tubes  were  transplanted  at  onc<^,  as  well  as  the  cells 
which  had  been  treated  with  sodium  chloride  solution.  To  the  cells  in 
the  second  CaOlg  tube  fresh  il//7*5  Na(Jl  solution  was  added,  in  which 
they  were  suspended  and  shaken  for  a  period  of  time  approximately 
equal  to  that  during  wdiichthey  had  baen  exposed  to  the  CaCl2  solution. 
They  were  then  centrifuged,  made  into  an  emulsion  with  scissors  and 
transplanted  in  equal  doses  of  0"02  c.  c.  The  cells  which  had  been 
treated  in  this  way  took  again  in  100  7o  of  cases  and  showed  a  rate  of 
growth  almost,  although  not  quite,  as  high  as  that  of  the  cells  subjected 


to  the  influence  of  the  Na  ions  alone.  This  removal  of  the  inhibition 
induced  by  Ca  ions  is  ;ill  the  more  striking  when  one  takes  into  con- 
sideration that  the  experimental  manipulations  and  more  especially  the 
length  of  time  during  which  the  cells  are  being  kept  outside  the  body, 
are  in  themselves  conditions  not  favourable  to  their  subsequent 
growth.  These  experiments  establish  therefore  clearly  the  existence 
of  an  antagonism  between  Na  and  Ca  ions  with  reference  to  growth. 

Fig.  1  whicli  reproduces  the  chart  of  such  an  experiment  illustrates 
the  effects  produced.     The  first  column  (mice  Nos.  1-6)  represents  the 
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Fig.  1. — Experiment  63/170  B.  Chart  showing  size  of  tumours  in  two  w^eekly 
intervals  after  transplantation,  t  indicates  death  of  tlie  animal  from  intercurrent 
disease  ;  —  indicates  complete  absence  of  tumour  prowth.  For  details  of  experi- 
ment see  text. 

growth  of  the  control  series,  the  second  column  (mice  Nos.  7-14) 
the  growth  of  cells  treated  with  NaCl  solution  for  75  minutes,  the 
third  column  (mice  Nos.  15-24)  the  growth  of  cells  treated  with  CaClg 
solution  for  the  same  length  of  time,  and  the  last  column  (mice 
Nos.  25-34)  the  growth  of  cells  treated  first  with  CaCls  sclutioii  for 
75  minutes  and  then  with  NaCH  solution  for  45  minutes. 


Ill  tliis  experiment  all  tlie  animals  were  killed  after  the  second 
charting  had  been  made  and  the  tntnours  weighed.  The  results  are 
given  in  Table  I. 

Incidentally  the  demonstration  of  this  antagonism  disposes  of  the 
possibility  of  attributing  the  diminished  growth  on  the  part  of  the 
cells  treated  with  Ca  ions  to  a  merely  lethal  effect  which  kills  off  a 
number  of  cells  and  thus  greatly  reduces  the  number  of  living  cells 
introduced  with  each  dose. 
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The  inhibition  of  growth  produced  by  Ca  ions  in  these  experiments 
is,  as  stated  above,  transient.  If  the  tumours  of  the  Ca  strain  are 
allowed  to  grow  for  more  than  two  weeks  they  resume  the  ra})id  growth 
characteristic  of  the  strain  63  from  which  they  are  derived.  Indeed 
some  of  the  tumours  show  a  fairly  rapid  rate  of  growth  already  in  the 
second  w^eek  after  inoculation.  Similarly  if  the  tumours  of  the  Ca 
strain  be  reinoculated  after  two  weeks  without  further  experimental 
interference  into  fresh  mice,  these  inoculations  take  again  in  100%  of 
cases  and  grow  as  well  as,  if  not  better  than,  inoculations,  made  from 
the  control  batch  or  from  the  Na  strains. 


It  was  of  interest  to  determine  wliat  wonld  liappen  if  the  inhibitory 
effect  of  Ca  ions  were  applied  repeatedly.  Would  the  orowing  cells 
respond  again  and  again  to  the  action  of  ik  ions  ?  Or  would  they 
get  accustomed  to  it  and  fail  to  be  inhibited  in  their  growth  ?  Or — a 
third  possibility — would  the  inhibitory  effect  become  more  intense  and 
perhaps  permanent?  In  order  to  test  these  questions  tumour  cells 
were  treated  with  a  solution  of  calcium  chloride  as  described  above  and 
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Fig.  2. — ICxperiment  63/172  B.  The  material  for  transplantation  had  been  taken  from 
a  strain  which  had  been  subjected  at  four  successive  transplantations  to  treat- 
ment witli  CaCIo  solution.  Part  of  the  material  has  been  transphinted  directly 
("control  series"),  another  part  has  been  treated  again  with  CaCU  solution 
("  CaCl^  series  "). 

inoculated.  After  two  weeks  some  of  the  tumours  obtained  from  these 
cells  were  made  into  an  emulsion,  of  wdiich  one  portion  was  inoculated 
at  once  while  another  portion  was  again  subjected  to  the  influence  of 
Ca  ions  and  then  inoculated.  This  experiment  was  continued  through 
five  generations.  The  result  eventually  obtained  in  the  fifth  generation 
is  shown   in   Fig.    2,   which  might  represent  equally  well   the   results 
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obtained  in  any  of  the  preceding  generations  :  in  every  case  the  control 
batch  showed  typical  rapid  growth  in  100%  of  inoculations  and  the 
Ca  batch  a  transient  inhibition,  which  did  not  appear  to  be  either  less 
or  more  distinct  than  the  effect  obtained  when  the  treatment  with 
OaCl2  solution  was  applied  for  the  first  time.  Nor  was  it  possible  to 
detect  any  histological  difference  between  the  tumours  which  had  been 
subjected  five  times  to  the  effect  of  C^a  ions  and  the  tumours  of 
strain  63  obtained  in  the  ordinary  course  of  its  propagation. 

There    is,    however^    a    distinct   difference    recognisable  both  histo- 
logically and  chemically,   when  the    cells  are    examined  immediately 
after  treatment  with  the   various    salt   solutions.     Histologically    the 
protoplasm  of  the  cells  treated  with  CaCl2  solution  appears  denser  and 
less    spongy  than  that  of  the  cells  treated  with  NaCl  solution,  or  of 
the  cells  which  have  received  no  treatment  at  all.     The  dense  proto- 
plasm of  the  cells  treated   with   CaCP   solution  becomes  looser  again 
when  these  cells  are  treated  subsequently  with  NaCl  solution.     These 
morphological  differences  have  corresponding  chemical  differences  in 
the  water  content  of  the  cells,  which  is  highest  in  the  cells  subjected 
to  the  influence  of  Na  ions  and  lowest  in  the  cells  treated  with  CaClg 
solution.     In  determining  the  water  content  the  cells  were  suspended 
in  the  various  salt  solutions  as  has  been  described  at  the  beginning  of 
this  paper.     The  suspensions  were  then  centrifugalised,  the  mass  of 
cells  at  the  bottom  of  the  tubes  shaken  out  of  the  tubes  and  allowed  to 
fall  on  blotting  paper  and  the  adherent  fluid  removed  by  touching  the 
mass  of  cells  gently  with  blotting  paper.     The  cells  were  then  trans- 
ferred to  weighing  glasses  and  dried  at  107°  to  constant  weight.     The 
results  of  two  such  experiments  are  given  in  the  following  table. 
Water  Content  of  Cells  treated  with  : 

Na  ions.  Ca  ions.     Na  ions  after  Ca  ions. 

85-1 7o  83-8  o/o  86-8  "/o 

8o-lo/o  84-0  7o  85-2  Vo 

These  figures  are  probably  slightly  higher  than  the  actual  water 
content,  since  in  removing  the  adherent  water  by  means  of  blotting  paper 
only  the  surface  of  the  cake  of  cells  can  be  dried  and  a  certain  amount 
of  water  which  lies  in  the  interstices  between  the  cells  always  remains. 
A  rough  estimate  of  the  amount  of  water  thus  retained  is  obtained 
when  the  cells  are  made  into  an  emulsion  and  drawn  up  into  the  trans- 
planting syringe  for  transplantation.  The  fluid  then  rises  to  the  top 
of   the   emulsion.     It  is   safe  to  say  lliat  the  amount  of   this  fluid   is 


certainly  not  greater  in  the  case  of  tlie  cells  treated  with  Na  ions 
than  with  the  colls  treated  with  Ca  ions,  so  that  the  comparative  value 
o£  the  estimations  o£  the  water  content  is  not  affected. 

It  is  necessary  to  consider  briefly  to  what  extent  the  special  experi- 
mental conditions  may  have  contributed  to  the  effect  on  growth  observed 
in  these  experiments.  There  is  firstly  the  fact  that  the  cells  treated 
with  salt  solutions  were  subjected  to  a  greater  number  oE  mechanical 
manipulations  and  were  kept  tor  almost  two  hours  at  room  temperature 
outside  the  body  as  compared  with  the  control  batch  which  was  trans- 
planted immediately.  This  factor  operated  evenly  in  the  NaCl  and 
('a(>l2  series^  so  that  it  cannot  have  contributed  to  the  difFei-ence 
observed  between  these  two  series.  Any  influence  which  this  factor 
may  have  had  ought  to  have  come  out  most  clearly  in  the  series  in 
which  the  inhibitory  effect  of  the  Ca  ions  was  antagonised  by  subse- 
quent treatment  with  Na  ions.  It  has  been  pointed  out  already  that 
the  restitution  of  the  rate  of  growth  in  this  series  to  the  rate  obj^erved 
in  the  NaCl  series  adds  to  the  conclusiveness  with  which  the  ^existence 
of  an  antagonism  between  tbe  Na  ions  and  Ca  ions  could  be  demon- 
strated. A  second  factor  is  the  variation  in  the  actual  dose  of  cells 
introduced  in  the  different  series  at  each  transplantation.  After  treat- 
ment with  the  various  salt  solutions  the  emulsions  when  taken  up  in 
the  transplanting  syringe  were  less  coherent  and  looser  than  the 
emulsion  used  in  the  control  series.  Moreover,  as  already  stated,  they 
could  not  be  freed  entirely  from  a  small  amount  of  fluid  which  had 
remained  between  the  cells  after  centrifugalisation.  As  transplantation 
proceeded  and  the  emulsions  were  being  pressed  through  the  narrow 
transplanting  needle  they  were  compressed  and  became  denser. 
Although  the  dosage  by  volume  was  kept  constant  at  0'2  c.  c.^  the  actual 
dose  of  cells  delivered  each  time  must  have  been  affected  by  this  factor. 
In  order  to  determine  the  deoree  of  this  variation  the  actual  amounts 
delivered  were  weighed  in  a  separate  experiment.  It  was  found  that 
with  the  emulsion  of  the  control  series  the  amounts  remained  fairly 
even  throughout  a  transplantation  of  fifteen  doses,  the  actual  amounts 
varying  from  0*017  g.  to  0*022  g.  With  the  emulsion  obtained  after 
the  various  salt  solutions,  the  first  doses  amounted  to  about  0"012  g.  and 
gradually  increased  to  0*020  g.  The  NaCl  series  and  the  CaCl2  series 
behaved  in  this  respect  in  essentially  the  same  manner.  It  is  evident, 
therefore,  that  the  differences  in  growth  observed  between  the  cells 
treated  with  the  various  salt  solutions  are  not  attributable  to  this  factor 
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It  may  be  partly  responsible  for  the  slightly  more  rapid  growth  of  the 
control  batch  as  compared  with  the  series  treated  with  NaOl  solution 
(either  alone  or  after  a  previous  treatment  with  OaCl^  solution).  For 
by  varying,  in  a  special  experiment,  the  doies  used  for  transplantation 
it  was  found  that  diminishing  the  dose  of  the  control  mice  to  0*01  c.  c. 
slightly  diminishes  the  initial  growth  during  the  first  week  but  it  does 
not  diminish  the  percentage  of  positive  inoculations,  nor  does  an 
increase  in  the  dose  of  cells  treated  with  Ca  ions  to  0*03  c.  c.  increase 
the  percentage  of  successful  inoculations.  Moreover,  although  it 
slightly  increases  the  initial  growth  of  such  cells,  a  Ca- series  trans- 
planted in  doses  of  0'13  c.  c.  still  shows  a  marked  inhibition  even  if 
compared  with  a  control  series  transmitted  in  doses  of  0*01  c.  c. 

General  Discussion. 

The  inJiibition  of  groioth  hy  Ca  ions  in  its  hearing  on  the  general 
problem  of  growth.  An  interpretation  of  the  inhibition  of  growth  by 
exposing  cells  to  the  action  of  Na  ions  and  Ca  ions  can  be  given  on 
the  basis  of  previous  investigations  on  the  biochemical  mechanism  of 
growth  [Cramer,  1908,  1910,  1916  ;  Cramer  and  Pringle,  1910,  1,  2  ; 
Cramer  and  Bullock,  1913].  In  a  series  of  observations  an  attempt 
had  been  made  to  determine  the  property  or  properties  which  enable 
rapidly  growing  cells  to  build  up  protoplasm  more  quickly  than  cells 
which  exhibit  a  nnicli  slower  rate  of  growth  although  living  under 
identical  nutritive  conditions.  The  contrast  is  thus  made,  not  between 
normal  cells  on  the  one  hand  and  cancerous  cells  on  the  oilier,  but 
between  rapidly  growing  cells  whether  cancerous  or  normal  (cells  of 
testis,  lymph  nodes)  and  slowly  growing  cells  whether  cancerous  or 
normal  (cells  of  liver,  kidney,  muscle).  By  formulating  the  problem 
in  this  way  it  becomes  restricted  to  one  aspect  of  the  general  problem 
of  growth  and  so  kept  separate  from  other  aspects  of  this  [)rol)lem, 
such  as  the  initiation  of  growth,  or  the  extraneous  conditions  necessary 
for  growth,  diet  for  instance.  These  various  aspects  of  the  growih 
problem  may  or  may  not  be  interdependent.  In  the  present  state  of 
our  knowledge  it  has  appeared  to  us  advisable  for  the  sake  of  clearness 
to  treat  them  as  if  they  were  independent  of  each  other.  The  material 
with  which  we  have  dealt  consists  of  masses  of  cells  differing  markedly 
in  their  relative  rates  of  growth  while  living  under  identical  nutritive 
conditions.     The  question  which  we  have  tried  to  answer  is  :  how  do 


these  various  groups  of  cells  maintiiin  these  differences  in  their  relative 
rates  of  growth  ? 

The  answer  to  that  question  may  be  briefly  summarised  by  stating 
that  a  rapidly  growing  cell  works  more  economically  in  building  up 
new  living  protoplasm  than  a  slowly  growing  cell.  It  does  so  by 
using  in  the  formation  of  new  living  protoplasm  less  of  the  complex 
organic  colloids  (especially  proteins)  and  more  water.  The  greater 
water  content  of  rapidly  growing  cells  is  due  to  a  greater  imbibition  on 
the  part  of  the  protoplasmic  colloids. 

If  this  conception  of  the  problem  of  the  biochemical  mechanism  of 
growth  as  a  problem  of  imbibition  is  correct,  it  would  follow  that  it 
should  be  [)0ssible  to  demo.nstraie  a  parallelism  between  ditferences  in 
the  rate  of  growth  of  ditferent  groups  of  cells  and  differences  in  the 
water  content  of  their  protoplasm.  The  existence  of  such  a  parallelism 
has  been  demonstrated  in  a  previous  paper  [Cramer,  19161-  And 
conversely,  it  should  be  possible  to  alter  the  rate  of  growth  by  altering 
the  imbibition  of  the  protoplasmic  colloids.  This,  we  believe,  is  the 
explanation  of  the  phenomenon  recorded  in  the  present  paper. 

The  loss  of  water  on  the  part  of  the  tumour  cells  which  has  been 
demonstrated  in  this  paper  as  resulting  from  exposure  to  a  solution  of 
calcium  chloride  recalls  experiments  [J.  Loeb_,  1899  ;  Thunberg,  1909, 
1910  ;  Widmark,  1910,  1  and  2]  in  which  a  similar  effect  has  been 
observed  in  the  case  of  muscle  cells.  Reference  may  be  made  to  the 
inhibition  by  calcium  salts  of  the  imbibition  produced  in  living  tissues 
(muscle,  eye,  lens)  and  in  non-living  colloids  (fibrin)  by  acids  and 
alkalies  [M.  Fischer,  1908  ;  Botazzi,  1911  J.  The  antagonism  between 
Na  ions  and  Oa  ions  which  has  been  demonstrated  in  the  present  p.iper 
with  reference  to  growth  holds  good  also  for  other  activities  of  living- 
protoplasm. 

The  inhibitory  effect  on  growth  produced  by  treatment  w^ith  Ca  ions 
conforms  to  the  law  enunciated  by  J.  Loeb  [1910]  for  the  muscle  cell. 
Loeb  assumes  that  such  a  treatment  alters  within  the  cell  the  relative 
concentration  of  Na  ions  and  (^a  ions,  which  can  be  conveniently 
represented  by  the  quotient  CVa/Cca-  Hp  states  that  a  diminution  of 
the  value  of  this  quotient  produces  an  inhibitory  effect.  This  holds 
good,  as  Loeb  himself  has  shown,  for  the  contraction  of  various  forms 
of  muscle.  Tunberg  has  shown  recently  that  treatment  with  CiiC]^ 
solution  greatly  diminishes  the  respiratory  metabolism  of  the  muscle 
cell. 
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This  similarity  between  the  process  of  growth  and  other  manifes- 
tations of  cell  life  suggests  that  growth  also  should  be  looked  upon 
simply  as  a  property  inherent  in  living  protoplasm  in  the  same  sense  as 
metabolism,  contractility,  and  irritability.  This  is  by  no  means  a  new 
conception.  It  is  emphasised  again  in  this  connection,  because  the 
conclusions  drawn  by  many  recent  workers  on  the  growth  problem 
frequently  suggest  or  imply  that  growth  is  a  property  which  can  be 
added  to  or  taken  away  from  living  protoplosm.  Such  expressions  as 
cells  "losing"  or  "acquiring'"'  the  power  of  growth  suggest  that 
growing  cells  contain  or  possess  something  which  is  absent  from  cells 
which  are  said  to  have  "ceased  to  grow/'  and  a  similar  conception  is 
implied  in  the  term  '^growth-substance."  The  subject  is  too  big  to  be 
dealt  with  here  in  the  course  of  a  digression.  It  has  been  referred  to 
because  many  difficulties  which  at  present  surround  the  problem  of 
growth  would,  we  believe,  disappear  if  it  were  clearly  recognised  that 
there  is  no  qualitative  difference  between  cells  witii  regard  to  growth  : 
that  all  living  cells  possess  normally  the  power  of  growth  but  in 
different  degree.  It  is  in  some  respects  unfortunate  that  in  most 
observations  on  growth  the  increase  in  weight  (or  length)  of  an  entire, 
highly  differentiated  animal  has  been  taken  as  a  criterion  of  growth 
generally.  This  would  imply  as  a  premise  that  this  increase  in  weight 
or  length  of  an  animal  as  a  whole  is  the  result  of  a  process  of  growth 
which  pervades  the  entire  animal.  But  the  increase  in  weight  or  length 
of  such  an  animal  is  determined  almost  entirely  by  the  increase  in  length 
of  the  skeleton.  The  absence  of  such  an  increase,  which  is  often  taken 
to  be  a  criterion  of  an  "  arrest  growth  ""  in  its  most  general  sense,  is 
obviously  not  necessarily  an  indication  of  the  absence  of  growth 
processes  in  the  numerous  other  tissues  of  the  animal.  A  histological 
inspection  of  the  sexual  organs  and  lymphoid  tissues  for  instance  of  an 
adult  animal  leaves  no  doubt  that  processes  of  growth  are  actively 
proceeding  in  an  animal  in  which  the  increase  in  length  of  the  skeleton 
has  terminated,  as  the  result  of  the  ossification  of  the  epiphiseal  carti- 
lages in  the  long  bones. 

The  inhibition  of  growth  hij  Ca  ions  in  its  bearing  on  the  growth  of 
neoplasms.  One  of  the  first  results  of  experimental  cancer  research 
was  the  demonstration  of  the  fact  that  the  growth  of  cancer  cells, 
although  continued  and  indeed  unlimited,  is  not  continuous  [Bashford, 
Murray,  and  Cramer,  1905  ;  Bashford,  Murray,  and  Bowen,  1906]. 
The  growth  of  a  neoplasm  shows  definite  fluctuations  in  the  course  of 
its  experimental  propagation  :  a  certain  strain  of  cancerous  cells  may  at 
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one  time  grow  very  rapidly,  as  indicated  both  by  the  percentage  o£ 
successful  inocuhitions  and  by  the  rapid  increase  in  mass  of  the  trans- 
planted cells.  Then,  it*  propagation  is  continued,  the  percentage  of 
successful  inoculations  diminishes  suddenly,  while  those  cells  which 
have  taken  will  show  a  very  much  slower  rate  of  growth  or  may  after 
an  initial  growth  undergo  spontaneous  absorption.  During  such  a 
period  of  depression  of  growth  a  tumour  strain  may  even  die  out. 
If  it  is  successfully  carried  over  such  a  period,  it  will  increase  its  rate 
of  growth  and  maintain  it  for  a  time,  until  again  a  period  of  depression 
supervenes.  This  cyclical  process,  which  is  conditioned  by  factors 
inherent  in  the  cell,  indicates  that  the  cancerous  cell  is  subject  to 
senescence  and  in  that  respect  resembles  the  normal  cell,  but  that  it 
differs  from  the  latter  in  being  able  to  rejuvenate  itself  spontaneously 
and  thus  to  escape  death. 

The  significance  of  this  phenojnenon  lies,  apart  from  its  theoretical 
importance,  in  the  fact  that  it  reveals  a  phase  oi:  diminished  vitality  in 
the  life  of  the  cancer  cell  which  may  serve  as  a  guide  in  an  attempt  to 
find  a  rational  therapeutic  of  cancer.  Since  cancer  cells  are  subject  to 
senescence,  it  is  not  unreasonable  to  expect  that  a  knowledge  of  the 
factors  on  which  this  spontaneous  process  of  sensecence  depends  may 
enable  us  to  find  conditions  which  might  favour  or  maintain  this 
process  or  even  induce  it.  At  present  nothing  is  known  about  the 
factors  which  induce  this  process  spontaneously.  As  to  the  nature  of 
the  process  we  have  shown  in  a  previous  paper  that  the  parallelism 
between  rate  of  growth  and  degree  of  imbibition  holds  good  for  these 
fluctuations  in  the  rate  of  growth  in  one  and  the  same  tumour  strain. 
The  phenomenon  of  the  inhibition  of  growth  recorded  in  this  paper 
might  be  described  as  an  experimental  senescence  of  cancer  cells, 
which  it  simulates  also  in  showing  the  spontaneous  rejuvenescence. 
It  is  obvious  that  the  conditions  by  which  senescence  has  been  induced 
in  vitro  are  crude  compared  with  those  which  determine  it  in  vivo. 
At  present  all  that  can  be  claimed  for  this  experiment  is  that  it  affords 
an  insight  into  the  nature  of  the  processes  which  lead  to  a  temporary 
diminution  of  the  vitality  of  cancerous  cells. 

Summary  and  Conclusions. 

1.  The  effect  of  sodium  and  calcium  ions  on  growth  has  been  studied 
by  suspending  rapidly  growing  mannnalian  cells,  namely  the  cells  of 
a  transplantable  mouse  carcinoma,  in  isosmotic  solutions  of  sodium 
chloride    and    calcium    chloride   for    one    to    two    hours.     Subsequent 
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transpLinfcatioii  showed  a  very  distinct  inhibition  of  |]jrowth  on  the  part 
o£  the  cells  which  had  been  suspended  in  the  calcium  chloride  solution. 
The  growth  of  the  cells  which  had  been  suspended  in  sodium  chloride 
solution  showed,  in  comparison  with  the  control  cells  which  had  been 
transplanted  without  any  further  experimental  interference,  a  slight 
diminution  which  is  referable  in  part,  if  not  entirely,  to  the  additional 
experimentil  manipulations  involved. 

2.  During  the  suspension  in  the  calcium  chloride  solution  the  cells 
lose  water  and  their  protoplasm  acquires  a  denser  appearance. 

3.  Both  the  inhibition  of  growth  and  the  loss  of  water  produced  by 
calcium  ions  can  be  antagonised  by  a  subsequent  suspension  of  the  cells 
in  sodium  chloride  solution. 

4.  The  inhibitory  effect  on  growth  produced  by  calcium  ions  is 
transient. 

5.  An  explanation  of  this  effect  has  been  given  on  the  basis  of 
previous  observations  in  which  it  has  been  shown  that  the  biochemical 
mechanism  by  which  slowly  growing  and  ra2:)idly  growing  cells  maintain 
the  difference  in  their  rate  of  growth  is  due  to  differences  in  the  degree 
of  imbibition  of  their  protoplasmic  colloids. 

G,  The  inhibition  of  growth  produced  experimentally  and  the  subse- 
quent recovery  therefrom  present  a  similarity  to  the  spontaneous 
fluctuations  in  growth  which  are  exhibited  normally  by  tumour  cells 
in  the  course  of  their  propagation. 
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THE  COMPARATIVE  OXYGEN  AVIDITY  OF  NORMAL 
AND  MALIGNANT  CELLS  MEASURED  BY  THEIR 
REDUCING  POWERS  ON  METHYLENE  BLUE*. 

By  a.  H.  drew,  D.Sc. 


It  liiis  been  known  since  the  work  of  Ehrlicli  ^^^  that  fresh  tissues  and, 
in  some  circumstances,  extracts  of  tissues  possess  the  power  of  de- 
colorisino-  methylene  blue  in  the  })resenco  of  water.  Schardinoer  (2) 
found  that  fresh  milk  would  ra})idlj  bleach  solutions  of  methylene  blue, 
provided  that  an  aldehyde  such  as  acetaldehyde  or  formaldehyde  wus 
present,  and  that  this  property  was  destroyed  by  boiling.  Bach^^''** 
showed  that  an  extract  could  be  prepared  from  such  tissues  as  liver  and 
kidney  which  would  reduce  methylene  blue  in  the  presence  of  acetal- 
dehyde, and  this  enzyme  apparently  reduced  nitrates  to  nitrites  also. 

Some  time  ago  it  occurred  to  me  that  a  measure  of  the  relative 
oxygen  avidities  of  normal  and  malignant  cells  might  be  obtained  by 
observing  the  amount  of  methylene  blue  which  such  cells  would  reduce. 
It  has  been  found  that  both  normal  and  tumour  cells  will  live  for  some 
time  in  Locke's  solution,  and  this  fluid,  omitting  the  glucose,  was  there- 
fore used  as  the  diluent  throughout  these  experiments.  At  first 
varying  concentrations  of  methylene  blue  were  tried,  varying  from 
0*2^/0  to  O'OOl^o-  Of  these  the  most  suitable  strengths  were  found  to 
be  either  a  '001  7o  ^^'  '^  '^^^  Vo  solution  of  the  dye  in  Locke's  fluid. 
I  have  found  it  convenient  to  use  special  test-tubes  for  these  experi- 
ments, each  tube  being  20  cm.  long  by  0'5  cm.,  the  capacity  being 
10  c.  c.  The  tissues  are  removed  with  aseptic  precautions,  and  avv. 
minced  either  with  scissors  or  with  the  mincer  designed  by  Haaland. 
Weighed  or  measured  quantities  (0.3-0*5  c.  c.)  of  the  tissues  to  be 
studied  are  placed  in  these  tubes  by  means  of  a  glass  syringe  and  long 
hollow  needle,  and  the  tubes  filled  up  with  a  measured  amount  of  the 
methylene  blue  solution.  A  layer  of  paraffin  is  poured  on  to  the  surface 
to  prevent  re-oxidation  of  the  methylene  blue,  and  the  tubes  are  then 
incubated  at  37°  C.  The  effect  noted  is  a  progressive  decolorisation 
of  the  blue  fluid,  beginning  at  the  bottom  next  the  tissue,  and  gradually 
extending  upwards.  Headings  are  made  either  every  half-hour,  or 
hour,  up  to  five  or  six  hours.     A  reading  consists  of  measuring  with 

*  Reprinted  by  permission  from  '  Tlie  British  Journal  of  Experimental  Pathology,' 
Vol.  1.  No.  2  (April  1920). 
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a  millimetre  rule  the  lieiglit  of  the  column  of  methylene  blue  decolor- 
ised by  the  tissues.  This  may  be  quickly 
and  accurately  done  by  means  of  a  special 
rack  designed  for  these  tubes. 

A  great  variety  of  normal  mouse  tissues 
was  first  examined  in  the  manner  described, 
including  kidney,  liver,  spleen,  testis,  heart, 
brain,  mammary  gland,  connective  tissue 
and  embryo.  The  height  of  the  column  of 
methylene  blue  reduced,  though  varying, 
is  very  similar  for  the  normal  tissues,  brain 
and  spleen  giving  the  lowest  readings,  and 
kidney  and  testis  the  highest.  In  order  to 
compare  the  results  from  different  experi- 
ments the  heights  of  the  columns  of 
decolorisation  were  plotted  as  ordinates 
against  the  time  as  abscissse.  When  this  is 
done  all  the  normal  tissues  give  curves  of 
the  same  general  character  (Fig.  1).  The 
curve  rises  steeply  from  the  start,  and  gradu- 
ally slows  dovvn  in  the  second,  third  and 
fourth  hours,  after  which  only  minimal 
quantities  of  dye  are  bleached. 

Having  examined  many  normal  tissues  in 
the  manner  described,  a  great   number    of 
times,  I  next  examined  a  number  of  trans- 
plantable mouse  carciiiomata  (Jensen,  Twoit, 
63,  113,  206),  a  mouse  sarcoma  (37  S.),  a 
rat  sarcoma  (Jensen),  and  a  scirrhus  mam- 
mary carcinoma  from  the 
human  subject.     A  very 
striking     difference     be- 
came   apparent  with    all 
these  tumours,  when  com- 
pared with  normal  tissues. 
Thus,   taking   kidney    as 
an  example  of  a  normal 
tissue^    we    find,    on    ex- 
amining the   curve    pro- 
ducedj  a  great  rise  in  the 
first    hour,    followed    by 
or  fifth  hours,  when  re- 


^  fiOU/iS. 


Fig.  1. — Curves  of  decoloriza- 
tion  of  methylene  blue  by 
normal  tissues. 


od? 
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Fig.  2. — Curves  of  decolorization  of  methylene  blue 
by  mouse  tumours. 

smaller  but  continuous  rises  up  to  the  fourth 

duction  usually  ceases.     In    the    tumour,  however,  such    as   Jensen's 
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Fig.  3. — Curve  of  decolorisa- 
tion  of  metliylene  blue 
by  a  glycogen-containing 
mouse  tumour  (strain  118). 
Apart  from  the  initial  lag, 
this  tumour  approaches 
closely  to  the  behaviour 
of  normal  tissues. 


adeiio-carcinoma,  the  curve  is  quite  different. 
No  apparent  reduction  takes  place  for  the 
first  hour  or  two.  A  small  rise  then  takes 
place,  ceasing,  usually,  about  the  fourth  or 
fifth  hour,  wlien  transplantation  experiments 
sliow  the  cells  to  be  dead,  and  microscopical 
examination  sliows  that  the  mitochondria 
liave  become  either  very  degenerate  or  have 
disapi)eared  altogether.  Fig.  2  shows  curves 
obtained  from  Jensen's  adeno-carcinoma, 
37  S.  and  63,  whilst  Fig.  3  shows  a  curve 
from  113.  All  these  tumour  curves  appear 
to  be  very  similar,  the  only  one  showii)g  a 
striking  difference  being  113.  This  tumour 
is  particularly  interesting  as  it  contains  con- 
siderable amounts  of  glycogen.  Amongst 
all  these  tumours,  leaving  aside  the  except- 
ional case  of  113,  those  showing  the  greatest 
reducing  powers  are  37  S.  and  63,  and  this 
is  interesting  as  both  are  rapid 
growth. 

Cramer  ^''^   showed   some  little 
time  ao-o  that  if  tumour  cells  were 

o 

shaken  with  a   soluble   ionisable  / 

calcium  salt  a  profound  depression  / 

was  produced,  and  the  percentage  '* 
of  "  takes "  on  transplantation  " 
fell  considerably.  Tumours  ex-  w 
hibiting  this  artificial  depression  0 
could,  however,  be  restored  by  ^ 
shaking  with  sodium  salts.     This  j  / 

depressant  action  of  calcium  salts 
is    very  well    shown    by    testing 
tissues,    such    as     kidney,    with       ^    I       / 
methylene    blue,    after    shaking       *    \     j 
with  a  soluble  calcium  salt  such 
as  the  nitrate.     Fig.  4  illustrates 
this    action  well.     The    curve    is 
taken    from    kidney,   which    had 
been  shaken  for  fifteen   minutes 
with  a  M/7   solution  of   calcium      Fig.  4.— Depressant  action  of  calcium  salts 
.,      ,  Ti^       Ml    1  L'      1    ii     J  on  the  reducinrr  power  of  kidnev,  and  re- 

nitrate.     It  will  be  noticed  that         storation  of  this  power  by  ^ya;hing  out 
the  resulting  curve  is  very  similar         the  calcium  with  sodium  chloride  solution. 
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/  /(/DA/fy  Arrets  m/^  calciwi 

y       NIT/tATC      THCN    SODIUM    CHLOt[IDC 


i^iDNzy  Arrc/i   ry^  calcium  nithatc 
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to  fhose  obtained  with  tnmonrs,  there  being  tlie  same  initial  dehiy. 
Fig.  4  also  illustrates  the  restorative  action  of  sodium  salts,  the  kidney 
being  shaken  with  M/7  sodium  chloride,  after  the  treatment  with 
calcium.     The  curve  obtained  is  a  normal  one. 

That  the  living  cell  is  necessary  for  tin's  reaction  is  shown  not  only 
by  the  effect  of  calcium  salts,  but  also  by  the  fact  that  if  the  tissues  be 
frozen  and  ground  up  till  no  intact  cells  can  be  demonstrated  by  the 
microscope,  very  little  reduction  takes  place.  This  may  be  conveniently 
shown  with  kidney  by  finely  mincing  the  organ  and  then  grinding  up 
in  a  mortar  which  is  placed  in  a  freezing-mixture.  The  necessary 
amount  is  then  placed  in  one  of  the  tubes,  filled  with  Locke's  fluid,  and 
centrifuged  for  a  minute  to  carry  the  fine  particles  down,  the  super- 
natant fluid  is  pipetted  off  and  the  methylene  blue  solution  added. 

If  a  dilute  solution  of  haemoglobin  be  made  in  Lockers  fluid  the 
reduction  may  be  read  off  with  a  direct  vision  spectroscope  and  recorded 
in  the  same  manner  as  with  the  methylene  blue,  and  if  this  be  done  it 
is  seen  that  the  curves  obtained  are  quite  similar  to  those  obtained 
by  means  of  the  methylene  blue  reaction.  Further  investigation 
showed  that  the  apparent  lag  exhibited  by  all  tumours  can  be  abolished 
if  the  methylene  blue  solution  be  thoroughly  exhausted  at  the  pump  and 
washed  with  pure  hydrogen  three  or  four  times,  exhaustion  being 
carried  out  till  the  solution  boils  between  each  hydrogen  wash. 
Normal  tissues  placed  in  such  hydrogen-washed  fluids  reduce  the  blue 
at  a  very  rapid  rate  and  to  a  greatly  increased  amount,  whilst  tumours, 
although  reducing  much  less  than  the  normal  tissues  and  not  nearly  so 
rapidly,  show  no  lag  as  measured  by  the  hourly  readings. 

It  would  appear  to  be  reasonable  to  conclude  that  the  reduction  of 
the  methylene  blue  is  a  measure  of  the  oxygen  taken  up  by  the  cell 
as  the  process  appears  to  follow  the  haemoglobin  curve.  Methylene 
blue,  however,  contains  no  oxygen,  and  the  reduction  to  the  leucc-base 
is  entirely  due  to  the  addition  of  nascent  hydrogen  atoms  to  the 
molecule,  the  hydrogen  apparently  being  obtained  from  the  intracellular 
water  whilst  the  oxygen  is  utilized  by  the  cells.  The  lag  which  is 
noticeable  in  the  tumours  is  probably  due  to  the  fact  that  they  have 
a  low  oxygen  avidity  and  that  the  slight  amount  of  oxygen  dissolved  in 
the  solution  is  enough  for  their  needs  for  some  time.  If,  however,  the 
solution  be  exhausted  and  washed  with  an  indifferent  gas,  then,  there 
being  no  free  oxygen  to  hand,  the  cells  have  to  obtain  it  from  the 
solution  and  consequently  reduce  the  methylene  blue. 

Further  investigations,  now  in  progress,  will  be  required  to  determine 
whether  the  reaction  can  be  used  to  distinguish  neoplastic  from  other 
pathological  proliferations,  or  benign  from  malignant  tumours. 
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THE   OXYGEN   CONSUMPTION   OF   NORMAL   AND 
CANCEROUS   MOUSE   TISSUES   IN    VITRO*, 

By  B.  R.  G.  RUSSELL  and  W.  E.  GYE. 


Despite  the  prolonged  and  exhaustive  investigations  made  upon  the 
growth  o£  transplanted  tumours,  but  little  work  has  been  done  upon 
the  metabolic  processes  which  lie  at  the  root  of  such  growths.  This  is 
attributable  in  the  main  to  the  small  amount  of  tissue  to  be  dealt  with 
when  working  with  rats  and  mice,  the  two  species  whose  tumours  have 
lent  themselves  best  to  experimental  investigations.  As  regards  the 
gaseous  metabolism  of  tumours,  the  only  work  we  can  cite  is  that 
of  Cramer  ^^^  and  of  Chisolm  ^^^  who  respectively  studied  the 
respiratory  exchange  of  tumour-bearing  rats  and  mice.  Cramer  was 
unable  to  detect  any  essential  difference  between  the  tumour  rats  and 
the  control  rats,  either  as  regards  the  absolute  amounts  of  oxygen 
and  carbon  dioxide  involved  or  the  respiratory  quotient.  Chisolm 
came  to  the  same  result  after  comparing  tumour-bearing  mice  with 
normal  mice. 

Most  recently  Drew  ^^^  has  published  observations  made  in  this 
laboratory  upon  the  rate  at  which  normal  and  cancerous  tissues  of  the 
mouse  reduce  a  dilute  solution  of  methylene  blue.  He  has  found  laro-e 
difEerences  between  the  different  tissues  and  lesser  differences  between 
the  various  tumour  tissues,  whilst  the  tumour  tissues  were  all  much  less 
powerful  in  reducing  the  methylene  blue  solution.  We  shall  have 
occasion  to  refer  to  these  findings  more  particularly  later. 

In  attempting  to  assess  the  oxygen  consumption  of  tumour  tissue 
one  is  severely  handicapped  by  several  factors,  the  more  serious  being 
the  restriction  of  choice  of  animal,  and  the  defective  circulation  in 
tumours,  with  its  concomitant  load  of  dead  tissue  taking  next  to  no 
part  in  the  gaseous  exchange  but  upsetting  the  calculation  of  quantities 
severely.  The  method  so  successfully  applied  by  Barcroft  and  his  co- 
workers in  estimating  the  oxygen  consumption  of  various  organs  from 
the  different  content  of  oxygen  in  afferent  and  efferent  blood  is  not 

*  Reprinted  by  permission  from  '  The  British  Journal  of  Experimental  Pathology/ 
Vol.  i.  No.  4  (August,  1920). 
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available.  The  blood-vessels  oE  mice  and  rats  are  too  small  and  delicate 
to  allovv  of  this  manipulation.  The  successfLd  implantation  of  a  suitable 
tumour  into  the  kidney  o£  such  an  animal  as  the  rabbit  might  supply 
the  necessary  conditions  for  an  analysis  on  those  lines,  but  no  such 
tumour  was  available.  Under  these  circumstances  we  v/ere  impelled 
to  conduct  our  investigations  in  a  less  ideal  condition,  and  to  test  the 
oxygen  consumption  o£  the  normal  and  cancerous  tissue  in  vitro. 

It  has  long  been  known  that  the  tissues  of  an  animal  are  capable  o£ 
absorbing  oxygen  and  of  giving  ofE  carbon  dioxide  for  a  considerable 
time  after  the  death  of  the  animal.  More  recently  Battelli  and  Stern  ^^\ 
in  a  series  of  papers,  have  published  their  findings  on  post-mortem 
respiration.  In  general  their  method  of  procedure  was  to  suspend 
a  fine  emulsion  of  the  tissue  in  blood  and  expose  it  to  an  atmosphere  of 
oxygen  at  38°  C.  The  reidings  they  obtained  were  very  high;  pigeon 
muscle  in  ox  blood  absorbed  oxygen  at  the  rate  of  66  c.  c.  per  kilogram 
minute;  dog's  liver  in  an  emulsion  of  dog's  red  blood  cells  absorbed 
60  c.c.  per  kilogram  minute.  Harden  and  Maclean  ^'%  in  an  extensive 
series  of  experiments,  were  unable  to  confirm  these  high  readings,  and 
the  figures  they  obtained  showed  an  oxygen  consumption  which  was 
only  a  tenth  or  a  twelfth  of  what  Battelli  and  Stern  obtained.  An 
emulsion  of  dog's  liver  suspended  in  ox  blood,  for  example,  was  found 
to  consume  3'8  to  6' 6  c.  c.  per  kilogram  minute,  figures  differing 
radically  from  those  of  Battelli  and  Stern. 

Before  we  came  to  the  estimation  of  the  oxygen  consumed  by 
different  transplanted  mouse  tumours,  it  was  necessary  to  obtain 
figures  for  various  normal  oi'gans  of  the  mouse,  as  it  was  only  lo  be 
expected  that  the  mouse  wiih  its  very  active  metabolism  would  yield 
figures  very  different  from  those  found  by  Harden  and  Maclean  for 
larger  animals.  The  only  observation  made  on  mouse  tissue  was  that 
of  Usui  ^^\  who  estimated  the  oxygen  consumption  of  the  left  lobe  of 
the  liver  in  a  10  per  cent,  suspension  of  ox  blood  corpuscles  and  found 
figures  varying  from  I  to  9  c.  c.  per  kilogram  minute.  Usui  diftered 
from  his  predecessors  in  not  using  an  emulsion  oE  tissue  but  in  dealing 
with  the  lobe  of  liver  in  its  entirety,  but  this  obviously  had  the  drawback 
of  the  central  portion  not  receiving  an  adequate  supply  of  oxygen. 

The  method  employed  in  making  the  present  series  of  determinations 
has  been  as  follows  :  —With  the  exception  of  two  experiments  done 
with  mouse  blood,  rabbit  bluod  has  been  used  throughout  as  a  source  of 
oxygen.  This  has  been  obtained  from  an  car  vein  after  thorough 
cleansing  with  ether  ;  in  this  way  it  is  an  easy  matter  to  obtain  30  c.c. 
or  more  of  defibrinated  blood  which  is  often  sterile,  and  never  contains 
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more  than  a  few  organisms  whicli  do  not  dishirb  an  experiment  of  two 
or  three  hours'  duration.     Absolute  sterih'ty  of  ihe   blood  need  not  be 
aimed  at.  since  the  mouse  tissues  to  be  investigated  usually    contain 
a  few  organisms.     The  blood  is  oxygenated  by  shaking  or  rotating  for 
five  minutes  in  a  flask.     The  mouse  is  then  killed  and  the  tissue  to  be 
tested  removed  and  rapidly  emulsified  with  a  pair  of  curved  scissors. 
With  tumours,  care  has  been  taken  to  remove  all  nnked-eye  necrotic 
material.     A  weighed  quantity  of  this  is  added  to  a  measured  quantity 
of  the  rabbit^s  blood  in  a  cylindrical  glass  vessel  of  28  mm.  diameter 
provided  with  a  stirring  rod  and  covered  with  a  layer  of  liquid  paraffin. 
The  quantities  commonly  employed  have  been  half  a  gramme  of  tissue 
emulsion  in  12  c.  c.  of  blood,  these  quantities  being  varied  either  way 
with  a  view  .to  attain  the  consumption  of  half   the  available    oxygen 
after  two  or  three  hours'  incubation.     The  mixture  is  then  incubated  in 
a  water-bath  at  37'5°  C.     A  control  tube  containing  10  c.  c.  of  blood 
without  any  added   tissue    but    otherwise    similarly    equipped    is    also 
incubated.      This    tube    is    necessary    to    ascertain    the    rate    of   auto- 
oxidation,  which  has  been  found  to  vary  considerabl}-.     Ten  minutes' 
incubation  is  allowed  for  equilibrium  to  be  established,  and  the  first 
sample  of  blood  is  then  withdrawn  with  a  1  c.  c.  pipette  containing  a  little 
warm  {)araffin.     The  sample  is  next  analysed  in   Barcroft's  blood-gas 
apparatus,  and  the  amount  of  oxygen  necessary  to  complete  saturation 
is    estimated.     This   is    repeated    after    further    incubation    at    hourly 
intervals  for  the  blood  and  tissue  tube,  but  for  the  control  tube,  on 
account  of  the  small  diiFerences  noted,  a  second  sample    has    usually 
been  tnken  only  after    two    or    three    hours'   incubation.     In    all    the 
experiments  the  time  elapsing  between  the  death  of    the    mouse  and 
the  taking  of  the  first  blood  sample    has    been    between    twenty   and 
twenty-five  minutes. 

The  course  of  an  experiment  will  be  seen  in  the  following  protocol 
where  the  oxygen  absorption  of  liver  emulsion  is  given  in  detail. 

14/4/20. — Rabbit  bled  at  11.15  a.m.;  animal  last  bled  twenty-two 
days  previously.  Mouse  killed  at  11.20  a.m.,  and  0*G3  gim.  of  liver 
emul>ion  added  to  13  c.  c.  of  defibrinated  rabbit's  blood.  As  conirol 
\)  c.  c.  of  blood  was  tnken.  Incubation  started  at  11.34  a.m.  in  water- 
bath  at  37* 5°  C. 

Blood  with  emulsion  of  liver  : 

Barcroft  apparatus"  J  (K  =  3-36).  Temp.,  14°  V.     Bar.  Pr.,  750  mm. 

Time           11.45  a.m.  12.45  p.m.     1.45  p.m.     2.45  ]).m. 

Oxygen  absorption  in  mm.   4'5  14'5                20*5                30 

P2 
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Control  hlood : 

Barcroft  apparatus  i  (K  =  3-17).  Temp.  14°  0.     Bar.  Pr.,  750  mm. 

Time  11.50  a.m 2.50  p.m. 

Oxygen  absorption  in  mm.  3  ...  ...  5 

Re-calculation  of  the  above  figures  after  allowance  for  auto-con- 
sumption gives  during  the  first  hour  an  oxygen  consumption  of  9*2  c.  c. 
per  kilogram  minute  ;  10*0  c.  c  for  the  second  hour  ;  and  2*3  c.  c.  for 
the  third  hour.  The  auto-consumption  of  the  blood  was  exceptionally 
low  in  this  experiment;  more  usually  the  figure  obtained  is  0*0060 
volumes  per  cent,  per  minute.  The  highest  figure  found  was  0*0160, 
but  the  rabbit  had  been  bled  only  ten  days  before.  There  was  no 
evidence  pointing  to  the  rate  of  auto-consumption  affecting  that  of  the 
tissue  tested  either  way. 

In  Table  I.  the  rate  of  oxj^gen  consumption  is  summarised  for  the 
different  normal  issues  tested,  the  figures  being  given  in  c.c.  per  kilogram 
minute. 


Table  I. 

Organ. 

First  hour 

'.     Second  hour. 

Third  hour- 

Amount  of  tissue 
in  grammes. 

Kidney 

21-5 

20-1 

16-1 

0-42 

Ditto 

23-9 

19-5 

5-8 

0-28 

Ditto 

18-5 

15-9 

— 

0-44 

Average 

21-3 

18-5 

— 

— 

Liver 

12-9 

9-4 

4-9 

0-35 

Ditto        . . 

9-2 

10-0 

2-3 

0-63 

Average 

no 

9-7 

— 

— 

Testis 

8-4 

6-7 

— 

0-60 

Ditto 

4-7 

4-3 

6-5 

0*35 

Ditto 

4-3 

— 

— 

0-53 

Average 

5-8 

65 

— 

— 

Embryo 

4-0 

3  0 

3-0 

0-55 

Ditto 

3-0 

— 

— 

0-66 

Mamma  4  days  dic- 

tating 

9-8 

70 

4-4 

0-66 

Mamma  2  days  lac- 

tating 

93 

— 

— 

0-42 

Mamma— full  term 

91 

— 

.... 

0-33 

Mamma  about  3  dajs 

before  full  term  . . 

5-1 

4-7 

3-4 

0-66 

Mamma  about  6  days 

before  term 

7-2 

0-6 

1-3 

0-30 

The  mice  whose  tissues  have  been  tested  have  all  been  fed  in  the 
ordinary  way — that  is  they  were  living  with  a  surplus  of  food  at  their 
disposal.  No  attempt  was  made  to  analyse  the  oxygen  consumption  of 
the  tissues  of  fasting  animals,  although  deprivation  of  food  might  very 
possibly  affect  the  figures  for  such  organs  as  kidney  and  liver.  The 
oxygen  consumption  found  for  the  various  tissues  is  seen  to  differ 
materially,  whilst  the  value  found  for  any  one  tissue  in  separate  experi- 
ments has  been  fairly  close  except  in  the  case  of  testicular  tissue,  which 
has  behaved  rather  erratically.  The  second  hour  readings  show  a 
distinct  drop  in  almost  all  cases,  whilst  this  drop  is  very  marked  in  the 
third  hour.  In  later  experiments  a  third  hour  reading  has  more  usually 
been  omitted  on  account  of  its  irregularity.  Two  further  experiments 
were  done  on  mouse  kidney  suspended  in  defibrinated  mouse  blood,  and 
the  values  found  were  a  third  higher  than  in  rabbit  blood.  The  high 
rate  of  auto-oxidation  of  mouse  blood,  about  six  times  that  of  rabbit, 
made  it  unsuitable  for  testing  the  more  slowly  oxidising  tissues. 

The  rate  of  consumption  by  kidney  emulsion  in  mouse  blood,  about 
30  c.  c.  per  kilogram  minute,  does  not  approach  what  might  be  expected 
for  this  organ  under  physiological  conditions.  Barcroft  and  Straub  ^''^ 
in  their  work  on  secretion  of  urine  found  the  kidney  of  the  cat  and 
rabbit  usually  consumes  70  to  100  c.  c.  per  kilogram  minute,  and  the 
figure  for  mouse  kidney  might  well  be  expected  to  be  higher.  The 
comparatively  low  readings  obtained  when  using  an  emulsion  indicate 
that  in  the  process  of  mincing  the  cells  are  damaged  to  a  considerable 
extent.  In  this  connection  reference  may  be  made  to  the  deleterious 
influence  which  mechanical  injury  has  upon  the  oxidative  transformation 
of  lactic  acid  in  excised  amphibian  muscle  as  described  by  Fletcher  and 
Hopkins  ^^\  They  emphasise  rightly  the  necessity  of  drawing  a 
distinction  between  the  study  of  chemical  processes  in  minced  tissues 
and  intact  living  tissues. 

The  findings  for  mammary  tissue  require  special  consideration,  as 
here  one  is  not  dealing  with  an  organ  whose  composition  is  even 
relatively  constant,  but  varies  considerably  with  the  functional  condition 
of  the  gland  and  the  state  of  nutrition  of  the  animal.  To  ascertain  the 
degree  of  this  variant,  a  large  lobe  of  mamma  was  preserved  for  micro- 
scopic examination  in  each  experiment,  and  the  conditions  found  in  each 
case  were  as  follows. 

The  four-day  lactating  mamma  showed  about  a  third  of  the  section 
occupied  by  fatty  tissue.    The  parenchyma  consisted  mainly  of  somewhat 
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dilated  acini  lined  by  a  layer  o£  cubical  epithelium.  .  The  two-day  lac- 
tating  nianima  contained  very  little  fatty  tissue,  and  the  field  showed 
a  larger  amount  of  glandular  epithelium,  whilst  the  acini  were  not  so 
dilated.  The  mamma  of  the  mouse  taken  at  full  term  showed  a  large 
amount  of  fat  occupjing  rather  more  than  half  the  section,  whilst  the 
acini  were  more  contracted.  The  mammse  from  the  eighteenth  day  of 
pregnancy  and  from  the  fifteenth  consisted  of  equal  parts  of  fatty 
tissue  and  parenchyma  ;  the  acini  were  very  dilated,  rendering  it 
difficult  to  estimate  the  amount  of  epithelium  present,  but  it  was 
approximately  equal  to  that  in  the  full-term  mamma.  Comparison 
of  these  histological  findings  with  the  respective  rate  of  oxygen 
consumption  found  in  vitro  fails  to  establish  a  parallel  in  the  sense  of  a 
direct  relationship  between  the  amount  of  oxygen  consumed  and  the 
amount  of  ])arenchyma  present.  So  far  as  any  conclusion  can  be 
drawn  from  the  limited  number  of  observations,  it  is  that  the  oxygen 
consumed  is  parallel  to  the  functional  activity  of  the  gland.  In  the 
first  three  cases  milk  was  being  seci-eted  in  visible  quantities,,  and  the 
rate  of  oxygen  consumption  was  appreciably  higher  than  it  was  in  the 
other  cases  where  no  milk  was  seen.  The  large  difi'erences  found  in  the 
oxygen  consumption  of  kidney,  liver  and  embryo  tissues  make  it  rather 
difficult  to  believe  that  one  is  dealing  with  the  true  basal  metabolism  of 
these  tissues.  A  part  of  the  difference  might,  in  the  case  of  embryo 
tissue,  be  attributed  to  its  high  water  content,  85  per  cent,  for  embryo 
tissue,  against  77  for  kidney  and  73  for  liver  ;  but  allowance  for  this 
factor  still  leaves  an  astonishing  discrepancy.  In  the  embryo  the 
quantity  of  tissue  functioning  in  the  sense  of  doing  work  is  small,  and 
this  again  suggests  that  the  much  higher  reading  for  kidney  and  liver 
tissues  is  due  to  a  partial  continuance  of  function  for  an  hour  or  two 
under  the  conditions  of  the  experiment.  Still,  as  Warburg  ^^^  has 
pointed  out,  there  may  be  a  high  oxygen  consumption  with  a  minimal 
expenditure  of  energy  in  performing  work,  as  in  the  case  of  the 
isolated  central  nervous  system  of  the  frog,  or  in  the  nucleated  red 
blood-cells  of  birds.  He  suggests  (on  page  259)  that  mechanical  work 
may  be  necessary  to  retain  the  complicated  cell  structures  inviolate. 

The  experiments  on  tumours  have  been  carried  out  in  the  same  way 
as  for  normal  tissues.  In  preparing  an  enmlsion  of  tumour  tissue  great 
care  has  been  taken  to  remove  necrotic  areas,  but  histological  control 
has  shown  the  impossibility  of  eliminating  entirely  the  dead  tissue,  and 
at  best  one  can  only  aim  at  reducing  it  to  a  minimum  which  will  be 


fairly  constant  in  successive  experiments.  Seven  transplanted  mouse 
tumours  have  been  tested,  including  six  carcinomata  of  different  rates 
of  growth  and  a  rapidly  growing  sarcoma,  and  the  figures  obtained  are 
presented  in  tabular  form  in  Table  II. 


Table  IT. 

Tumour. 

First 
liour. 

Second 
hour. 

Third 
hour. 

Amount  of  tissue 
in  grammes. 

Carcinoma  206 

9-7 

5-7 

— 

0-44 

Ditto 

5o 

2-6 

— 

0-05 

Sarcoma  37   .  . 

5-0 

6-2 

— 

0-56 

Ditto 

9-3 

7-4 

— 

0-60 

Ditto 

5-4 

4-9 

0-8 

0-57 

Average 

6-7 

6-2 

— 

— 

Carcinoma  63 

5-7 

4-9 



0-60 

Ditto 

6-7 

00 

3-8 

0-48 

Ditto 

6-1 

— 

— 

0-46 

Average 

6-2 

— 

— 

— 

Carcinoma  199 

5-3 

3-5 

— 

067 

Ditto 

4-0 

-- 

— 

0-60 

Carcinoma  113 

3-8 

4-4 

3-4 

0-63 

Ditto 

4-8 

0-6 

3-2 

0-60 

Carcinoma  7'2 

5-4 

1-2 

w_ 

0-48 

Ditto 

6-4 

1-4 

— 

0-60 

Carcinoma  155 

3-0 

1-8 

— 

0-80 

Ditto 

8-8 

21 

3-0 

0-44 

From  this  table  it  will  be  seen  that  there  is,  in  general,  about  the 
same  drop  in  the  rate  for  the  second  hour  as  was  previously  noted  for 
the  normal  tissues.  The  consumj)tion  during  the  first  hour  further 
shows  considerable  differences  for  the  same  tumour  strain.  These  wide 
differences  in  the  same  tumour  strain  we  believe  to  be  actual,  and  not 
accidental  or  attributable  to  errors  of  technique.  Sarcoma  37,  a  rapidly 
growing  spindle-celled  tumour,  for  example,  shows  a  wide  variation 
between  5'4  c.  c.  and  0"3.  The  most  consistent  readings  are  those  with 
carcinoma  63^  a  rapidly  growing  carcinoma  which  has  been  growing- 
very  nniformly  for  several  years.  Carcinoma  206  can  at  times  grow^ 
with  extreme  raf)idity,  but  it  behaves  very  erratically.  The  high 
reading  of  9'7c.c.  was  obtained  from  such  a  rapidly  growing  specimen. 
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The  very  discrepant  readings  obtained  with  carcinoma  155  seem  also 
to  coincide  with  a  differing  rate  of  growtli.  This  is  the  slowest  growing 
tumour  tested,  but  the  specimen  which  gave  the  high  reading  grew 
exceptionally  fast,  although  still  very  slowly  when  compared  with 
strain  63. 

In  Fig.  1  the  rates  of  oxygen  consumption  have  been  plotted  both 
for  the  normal  and  neoplastic  tissues,  the  avei-age  figures  obtained  for 
the  first  hour  being  expressed  in  terms  of  5  mm.  height,  equalling  1  c.  c. 
per  kilogram  minute.  When  graphically  represented  in  this  w^ay, 
it  can  be  readily  seen  how  slight  are  the  varijitions  in  the  rates  for 
neoplastic  tissue.  If  a  horizontal  be  drawn  through  the  top  of  the 
column  representing  the  mammse  of  pregnant  mice,  it  will  be  seen  how 
the  tumours  group  themselves  about  this  line.  Whether  the  tissue 
histogenetically  related  to  a  tumour  determines  approximately  the  rate 
of  oxygen  consumption  of  the  latter  could  only  be  settled  by  com- 
parison with  transplanted  tumours  of  other  organs  such  as  kidney  or 
liver,  material  which  unfortunately  is  not  at  present  available. 

It  will  be  noted  that  the  other  rapidly  growing  tissue  tested,  the 
embryonic  tissue,  has  a  very  low  oxygen  consumption.  There  is  no 
reason  to  assume  that  this  complex  of  tissues  is  more  severely  damaged 
by  cutting  than  the  other  tissues,  but  it  seems  more  reasonable  to 
suppose  that  it  works  more  economically  than  the  tumour  tissue. 

The  five  columns  in  the  figure  representing  carcinoma  206,  sarcoma 
37,  and  the  carcinomata  63,  199  and  113,  show  a  regular  diminution. 
This  diminution  is  so  far  consistent  in  that  it  agrees  directly  with  the 
speed  of  naked-eye  growth  of  the  tumour  strains  in  question.  The 
sarcoma,  as  already  stated,  is  a  rapidly  growing  spindle-cell  tumour 
of  mammary  origin,  whilst  the  four  epithelial  tumours  are  all  alveolar 
mammary  carcinomata  of  different  rates  of  growth.  In  all  the 
histological  structure  shows  an  extreme  degree  of  loss  of  histological 
differentiation.  The  most  slowly  growing  tumour  of  this  group, 
carcinoma  113,  differs  from  the  other  three  in  that  its  cells  show  a 
unique  aptitude  for  storing  glycogen,  a  feature  present  in  the  primary 
growth  and  now  observed  in  the  transplanted  tumour  for  many  years. 

The  two  carcinoma  strains  72  and  155  differ  in  two  respects  from 
the  previous  group.  They  grow  very  much  more  slowly,  and  show 
a  higher  degree  of  histological  differentiation,  the  acinous  structure 
of  the  parent  mammary  tissue  being  retained  in  a  varying  degree  of 
perfection. 

The    remarkable    differences    which    Drew    found    between    normal 
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tissues  on  the  one  band,  and  neoplastic  tissues  on  the  other,  do  not 
appear  in  anything  approaching  the  same  degree  in  our  experiments. 
This  is  attributable  to  the  different  conditions  under  which  the  tissues 
were  tested  by  Drew.  Whereas  all  our  estimations  have  been  carried 
out  on  tissues  with  a  readily  available  supply  of  oxygen,  in    Drew's 
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Fig.  1.— Diagrammatic  representation  of  average  rate  of  oxygen 
consumption  for  the  first  hour. 

experiments  the  cells  were  virtually  existing  under  an?]erobic  conditions, 
and  the  oxygen  which  they  used  had  to  be  split  off  from  water,  leaving 
the  hydrogen  free  to  reduce  methylene  blue. 

So  far  as  the  limited  dift'erences  wbich  we  have  found  in  the  rate  of 
oxygen  consumption  by  various  trans[)lanted  tumours  allows  us,  the 
following  conclusions  will  be  tentatively  drawn: 

That  the  rate  of  oxygen  consumption  rises  with  increasing  speed  of 
growth,  and  further  that  more  oxygen  is  used  by  tumours  which  are 
more  highly  differentiated  histologically. 
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THE      RESPIRATORY      EXCHANGE      OF     SURVIVING 
MOUSE   TISSUES,   NORMAL   AND   NEOPLASTIC*. 

By  B.  H.  a.  UUSSELL  and  AV.  H.  WOGLOM. 

(Plate  I.) 


In  a  previous  number  of  tliis  Journal  one  ot*  us  in  collaboration  witli 
AV.  E.  Gye  ^^^  published  an  account  o£  experiments  bearing  upon  the 
oxygen  consumption  of  normal  and  cancerous  mouse  tissue  in  vitro. 
The  reasons  for  carrying  out  the  experiments  in  vitro  instead  of  by 
the  preferable  method  of  in  vivo  were  detailed  there  find  need  not  be 
entered  into  again.  Shortly  stated,  the  oxygen  consunjption  was 
ascertained  in  those  experiments  by  measuring  the  amount  of  oxygen 
wdiich  disappeared  from  a  known  amount  of  defibrinated  rabbit's 
bloody  after  incubation  with  normal  or  cancerous  mouse  tissues. 
We  also  attempted  to  estimate  the  carbon  dioxide  of  the  blood,  but 
the  measure  of  success  which  attended  the  estimation  of  oxygen  was 
not  repeated  in  the  case  of  the  other  ga«,  for  the  figures  obtained 
were  so  erratic  as  to  be  quite  unusable.  It  was  impossible  to  strike 
any  average  wdiich  would  give  a  reasonable  respiratory  quotient, 
and  with  it  information  as  to  the  probable  food  substances  mainly 
consumed. 

It  may  be  recalled  that  the  respiratory  quotient  expresses  the  ratio 
of  the  carbon  dioxide  excreted  to  the  oxygen  absorbed.  In  the  case  of 
carbohydrates  these  two  volumes  are  equal  and  the  quotient  is  unity. 
When  fats  are  metabolised  there  is  relatively  less  carbon  dioxide  given 
off,  and  a  quotient  of  0'71  is  found.  The  quotient  for  proteins  varies 
slightly,  but  is  usually  about  0*81.  Sometimes  a  respiratory  quotient 
exceeding  unity  is  observed,  as  in  the  case  of  some  animals  after  a  meal 
rich  in  carbohydrate.  This  has  usually  been  interpreted  as  meaning  a 
conversion  of  part  of  the  carbohydrate  into  fat.  A  quotient  below  0*7 
generally  means  incomplete  oxidation  with  the  formation  of  inter- 
mediate metabolic  products.  If  the  respiratory  quotient  be  known  an 
idea  is  obtained  of  the  respective  food-stuffs  being  burnt  up,  and  for 


*  Reprinted  by  permission  from  '  The  British  Journal  of  Experimental  Pathology/ 
Vol.  i.  No.  5  (October  1920). 


30 

this  reason  it  seemed  desirable  to  ascertain  the  quotient  for  a  number  o£ 
different  tissues  and  tumours. 

In  the  present  communication  an  account  will  be  given  o£  the 
respiratory  exchange  as  ascertained  by  a  different  method,  which, 
although  in  some  ways  inferior  to  the  previous  method,  has  never- 
theless supplied  us  with  results  which  in  their  consistency  have 
surpassed  what  we  had  reason  to  expect.  The  method  used  was  to 
measure  the  gaseous  exchange  of  a  tissue  emulsion  exposed  at 
blood  heat  in  a  gas  chamber.  The  difficulty  of  providing  a  suitable 
apparatus  was  overcome  by  using  an  ordinary  Barcroft  apparatus 
as  made  for  the  analysis  of  gases  in  1  c.  c.  of  blood.  Krogh  ^^^  has 
pointed  out  that  this  apparatus  can  be  used  for  respiratory  estimations 
on  small  animals,  and  has  devised  a  modified  form  which  is  an  ex- 
tremely sensitive  respirometer,  and  can  measure  the  oxygen  absorption 
of  a  single  insect  egg  weighing  2  m;^rm.  For  mouse  tissues  with  a 
high  oxygen  consumption,  such  as  kidney,  the  ordinary  Barcroft 
apparatus  gives  quite  good  results,  but  for  most  tumour  tissues  which 
have  a  lower  gaseous  interchange  we  have  found  it  necessary  to  have 
an  apparatus  made  *  which  was  more  sensitive,  and  which  at  the  same 
time  allowed  more  tissue  to  be  introduced.  The  apparatus  has  been 
calibrated  for  the  varying  conditions  during  the  experiment  by  the 
method  described  by  Hoffmann  ^^\ 

When  an  experiment  is  to  be  carried  out,  a  large  water-bath 
provided  with  an  adequate  mechanically  driven  stirrer  is  heated 
up  to  38°  and  kept  steadily  at  this  temperature.  The  respirometer 
is  then  hung  on  the  bath  with  two  bulbs  completely  immersed.  This 
preliminary  warming  shortens  the  period  necessary  to  attain  equi- 
librium later.  The  animal  is  killed,  and  the  tissue  to  be  used  is 
rapidly  excised  and  minced  with  curved  scissors  until  an  apparently 
homogeneous  emulsion  is  obtained.  Part  of  the  emulsion  is  spread 
evenly  on  a  rectangular  slip  of  ground-glass,  the  amount  being 
ascertained  from  the  difference  in  w^eight  of  glass  before  and  after. 
Weighing  has  been  done  on  a  Collot  balance,  which  reduces  the  time 
taken  and  evaporation  to  a  minimum.  The  lower  portion  of  the  slip  of 
glass  must  be  kept  free  of  tissue,  otherwise  there  will  be  contact 
with  the  alkali  which  is  added  later.  The  glass  slip  with  the  tissue  is 
placed  in  one  bulb  of  the  respirometer,  with  a  corresponding  glass  slip 
in  the  other,  and  both  bulbs  are  filled  with  expired  air  and  replaced  on 

*  The  apparatus  has  been  made  for  us  by  Messrs.  Orme  &  Co.,  148,  High  Holboin, 
W.C.I. 
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the  apparatus,  which  is  returned  to  the  water-bath.  Tlie  time  elapsing 
between  the  death  of  the  animal  and  the  commencement  of  incubation 
has  varied  between  ten  and  fifteen  minutes. 

Expired  air  has  been  chosen  because  it  is  relatively  constant  in  its 
composition,  is  saturated  with  water  vapour,  and  contains  carbonic  acid 
at  a  tension  approximating  to  that  usually  experienced  by  the  tissue. 
Human  expired  air  has  of  course  been  used,  but  it  is  probable  that 
mouse  expired  air  does  not  vary  very  widely  from  it  in  its  composition. 
It  w^as  hoped  that  in  using  expired  air,  equilibrium,  especially  of 
carbonic  acid  exchange,  would  be  sooner  established,  and  the  results 
seem  to  harmonise  with  the  view. 

After  ten  minutes,  during  which  the  apparatus  is  warming  up, 
the  taps  are  turned  off  and  the  position  of  the  manometer  menisci 
recorded.  Observations  are  made  usually  at  ten-minute  intervals  for 
forty  minutes,  the  figure  for  the  first  ten  minutes  being  rejected, 
as  it  is  usually  about  fifteen  minutes  after  incubation  begins  before  a 
steady  rate  of  gaseous  exchange  is  established.  Any  absorption — that 
is,  a  contraction  of  volume  on  the  side  of  the  apparatus  containing  the 
tissue — observed  during  these  forty  minutes  will  represent  a  surplus  of 
oxygen  consumed  over  the  carbonic  acid  produced,  whilst  an  expansion 
will  represent  a  surplus  of  carbonic  acid.  If  no  movement  be  noted 
it  is  obvious  that  the  oxygen  and  carbon  dioxide  exactly  balance, 
as  they  do  in  the  case  of  a  pure  carbohydrate  metabolism  with  a 
respiratory  quotient  of  unity.  To  ascertain  the  total  amount  of  oxygen 
being  consumed,  1  c.c.  of  warm  6  per  cent.  KOH  is  added  te  each  bulb 
to  absorb  the  carbon  dioxide,  and  after  a  suitable  interval  of  ten  or 
fifteen  minutes  the  excursion  of  the  manometer  is  again  read  at 
ten- minute  intervals.  If  the  gaseous  exchange  is  constant  over  the 
two  periods  observed  a  respiratory  quotient  can  be  established.  The 
disposition  of  the  apparatus  did  not  allow  the  maintenance  of  an 
atmosphere  of  uniform  composition  in  the  two  periods,  but  as  the 
conditions  were  maintained  in  the  s;ime  way  in  successive  experiments 
comparative  results  could  be  obtained.  The  duration  of  the  period  of 
observation  has  been  largely  determined  by  the  circumstance  that  we 
are  dealing  with  cells  which  are  beginning  to  die,  and  that  the  result 
must  be  obtained  before  tliey  have  gone  too  far  on  their  way.  In 
general  the  displacement  of  the  manometer  has  been  fairly  uniform 
over  successive  periods  of  ten  minutes,  and  the  following  protocol 
is  taken  as  an  example  of  what  may  be  expected  to  occur. 

1/7/20. — Mouse   bearing  a    transplanted   tumour  of   carcinoma   155 
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was  killed  at  2.5  p.m.  ;  the  tumour  was  rapidly  excised,  and  after 
being  freed  from  all  apparent  necrotic  areas  was  emulsified  with 
curved  scissors.  Of  this  emulsion  286  mgrm.  were  spread  on  a  glass 
slip  over  a  surface  of  800  square  mm.,  placed  in  the  respiratory 
chamber,  and  the  respirometer  returned  to  the  water-bath  at  2.15  p.m. 
At  2.24  p.m.  both  chambers  were  shut  ofE  from  the  air,  and  the 
recording  of  the  manometer  changes  commenced. 

Absorption. 

p.m.  mm.  pm.  mm. 

2.24  0  3.12     2 

2.30  1  3.22     9-75 

2.40  .....  3-75  3.32     17*5 

2.50  6  3.42     24-5 

3  8 

After  addition  of  1  c.c.  6  per  cent.  KOH  to  each  bulb,  the  changes 
recorded  in  the  second  column  were  o!)tained  :  the  7  mm.  absorption 
occurring  between  2.30  and  3  equalled  13.33  c.mm.  at  0°  C.  and 
760  mm.  Hg  ;  the  22*5  mm.  absorption  between  3.12  and  3.42  equalled. 
41-39  c.mm. 

41-39-13-33      OO2  .     ,  ,•     .Ar>7Q 
TT;^)q ~    n    ~  respiratory  quotient  0*678. 

The  amount  of  oxygen  consumed  was  equivalent  to  4*8  c.  c.  per 
kilooM'amme  minute. 

o 

The  value  of  the  respiratory  quotient  thus  established  will  also 
depend  on  the  evenness  of  the  respiratory  exchange  during  the  two 
periods.  This  has  been  controlled  in  a  separate  apparatus,  where 
part  of  the  tumour  emulsion  was  incubated  over  alkali  from  the  start, 
and  the  following  absorption  noted  at  ten-minute  intervals.  Startino- 
at  zero  the  successive  readings  were  :  225,  5*5,  S,  10*255  12*25,  14*5, 
16*75,  19,  21.  The  successive  increments  are  sufficiently  close  to 
warrant  the  assumption  that  there  is  no  appreciable  alteration  in 
the  character  of  the  respiratory  exchange  during  the  period  of 
observation. 

Tlie  first  mouse-tissue  to  be  tested  was  minced  kidney,  as  this  has  a 
very  active  metabolism,  and  the  results  of  six  observations  on  the 
Ividnevs  of  different  mice  are  summarised  in  Table  I, 
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Table  T. — Kidney. 


Respiratory 
quotient. 

0-893 

Oxygen  in  c.c. 
per  kgrm.  min. 

20-0 

Quantity 
in  mgrin. 

61 

Surface 
in  sq.  mm 

230 

0-884 

18-2 

93 

0-875 

12-7 

124 

0-880 

19-2 

85 

0-884 

22-4 

76 

0-883 

15-0 

102 

Average  respiratory  quotient_0-883,  +0*002. 

The  mean  error  of  the  series  does  not  affect  the  second  decimal 
place,  and  the  respiratory  quotient  of  surviving  mouse  kidney  may  be 
taken  as  having  a  mean  value  o£  0-88.  The  oxygen  consumption 
per  kilogramme  minute  has  fluctuated  rather  widely,  but  the  higher 
values  obtained  agree  with  the  average,  21*3  c.c,  found  for  kidney 
suspended  in  rabbit  blood.  In  spreading  an  emulsion  of  kidney 
substance  on  a  glass  slide  it  is  not  always  possible  to  maintain  exact 
uniformity,  and  the  actual  quantity  used  in  covering  a  given  surface 
has  varied  considerably,  as  will  be  seen  from  the  figures  in  column  3. 
Comparison  of  column  2  with  column  3  shows  an  inverse  propor- 
tionality :  the  more  tissue  used  above  a  given  optimum  the  lower 
the  rate  of  oxygen  consumption.  As  different  tissues  vary  in  the 
facility  with  which  they  can  be  minced  and  spread,  the  met  bed  is  not 
a  good  one  for  measuring  comparative  oxygen  consumptions,  although 
it  gives  comparative  respiratory  quotients.  The  figures  for  six 
experiments  on  liver-tissue  are  given  in  Table  II. 

Table  II. — Mouse  Liver. 


Respiratory 

Oxygen  in  c.  c. 

Quantity 

Surface 

quotient.' 

per  Lgrm 

nun. 

in  mgrnK 

in  sq.  mm 

0-868 

7-6 

82 

230 

0-826 

5-8 

80 

>» 

0-736 

7-0 

126 

460 

0-759 

7-8 

156 

?> 

0-804 

12-5 

119 

?? 

0-887 

11-1 

154 

55 

Average  respiratory  quotient  0*813,  +0-024. 
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The  mean  error  of  the  series  is  here  ten  times  as  great  as  that  with 
kidney,  and  the  quotient  is  appreciably  lower.  Liver-tissue  has  been 
found  to  be  much  more  labile  than  kidney,  for  where  the  latter  will 
consume  oxygen  at  an  undiminished  rate  for  two  hours  at  least,  the 
liver-tissue  will  show  a  falling  off  much  sooner.  For  this  reason 
we  suspect  that  the  respiratory  quotient  struck  for  liver  is  a  little 
too  low. 

In  some  cases,  but  not  in  all,  a  portion  of  the  liver  emulsion  was 
fixed  and  stained  for  glycogen.  The  left-hand  portion  of  PL  T.,  fig.  1, 
shows  the  abundance  of  fine  granules  of  glycogen  before  incubation, 
w^hilst  the  right-hand  portion  shows  the  diminution  after  one  and 
a  half  hours'  incubation.  The  renal  parenchyma  of  the  mouse  does 
not  usually  show  any  glycogen,  although  its  higher  respiratory 
quotient  means  a  more  extensive  use  of  carbohydrate  during  the 
survival  period  tested. 

Because  most  mouse  tumours  are,  after  all,  progressively  growing 
mammary  epithelium,  we  give  in  Table  III.  figures  for  the  mammse 
of  five  pregnant  mice,  killed  during  the  last  week  of  gestation. 
Histological  examination  of  part  of  the  organ  showed  in  all  cases 
a  considerable  degree  of  epithelial  growth  with  reduction  of  the  fatty 
embedding  tissue. 


Table  III. — Manmia, 

tespiratory 

Oxj 

^g-en  in  c.  c. 

Quantity 

Surface 

Date  of 

quotient. 

per 

kgrm.  miu. 

in  mgrm. 

in  sq.  mm. 

pregnancy 

1-000 

12-2 

136 

480 

16th  day. 

0-935 

6-7 

106 

?5 

? 

0-920 

8-5 

212 

800 

18th  day. 

0-853 

10-0 

129 

480 

19th  day. 

0-861 

9-4 

158 

800 

20th  day. 

Average  quotient  0*914,  ±0-027. 

This  is  the  highest  quotient  yet  found  for  normal  tissues,  and  if 
the  individual  figures  are  examined,  it  will  be  noted  that  there  is 
a  tendency  for  it  to  fall  as  the  end  of  gestation  is  approached. 

The  submaxillary  salivary  gland,  a  large  readily  excisable  organ 
in  the  mouse,  was  also  examined,  and  the  figures  are  given  in 
Table  IV, 
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Table  IV. — Suhmaxillanj  Salivary  Gland. 

Respiratory  Oxygen  in  c.o.  Quantity  Surface 

quotient.  per  kgrm.  min.  in  mgrm.  in  sq.  mm. 

0-901  9-3  70  240 

0-739  10-8  112  480 

0-845  7-0  134 

0-829  10-5  134 

0-832  12-9  201  800 

0-901  8-3  171  600 

Average  respiratory  quotient  0*841,  4:0-024. 

Before  discussing  the  results  obtained  with  these  four  tissues,  the 
findings  on  six  trans[)lanted  mouse-tumours  will  be  given.  Five  of 
these  were  mammary  carciiiomata,  and  one,  37  S.,  a  spindle-celled 
sarcoma.  The  carcinomata  present  great  differences  in  their  speed 
of  growth,  the  fastest  being  tumour  206,  followed  by  63  and  113, 
whilst  the  two  strains  72  and  155  grow  very  slowly.  The  two  latter 
strains  present  a  more  adenomatous  type  of  growth  than  the  three 
others,  which  are  predominantly  alveolar  in  structure.  As  previously 
shown  ^^^,  the  rate  of  oxygen  consumption  by  these  tumours  falls 
with  diminishing  speed  of  growth,  exception  being  made  for  the 
slowly  growing  adeno-carcinomata  where  there  is  a  rise  above  what 
might  be  expected. 

In  assessing  the  rate  of  growth  of  different  tumour  strains,  the 
outlines  of  the  tumours  produced  at  intervals  of  one  or  two  weeks 
have  been  compared,  but  this  is  at  best  only  a  rough  comparison. 
The  actual  increment  is  the  resultant  of  tw^o  opposing  factors — the 
multiplication  of  cells  on  the  one  hand,  and  the  death  of  many  cells 
on  the  other.  The  visible  s{)eed  of  growth  need  not  therefore 
represent  the  actual  rato  of  multiplication  of  the  tumour-cells,  for 
the  rate  of  necrosis  may  vary  considerablj^  and  obscure  I  he  varying 
production  of  new  cells  by  different  parenchymata.  Only  pronounced 
differences  in  the  visible  rate  of  growth  of  different  tumour  strains  can 
be  regarded  as  significant. 

37  S.  is  a  very  rapidly  growing  spindle-celled  sarcoma  which  arose 
during  the  transplantation  of  a  mammary  adeno-carcinoma  in  tlie 
manner  described  by  Haaland  ^"^K  On  inoculation  it  grows  in  a  high 
percentage  of  animals,  but  many  of  the  tumours  lat<'r  recede  and 
disappear. 

E 
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Table  V. — Sarcoma  37  S. 


lilespiratory 
quotient. 

0-936 
0-942 
0-901 
0-948 
0-976 
0-946 


Oxygen  in  c.c. 
per  Ivu-rm.  min. 

7-6 
70 
5-9 
7-0 
5-4 
12-0 


Quantity 
in  mgrni. 

201 

180 
395 
201 

188 
150 


Average  respiratory  quotient  0*941,  +0*010. 


Table  VI. —  Carcinoma  206. 


Eespiratory 
quotient. 

0-916 
1-000 
0-795 
0-933 
0-810 
0-753 


Oxygen  in  c.c. 
per  kgrni.  min. 

5-3 
8-2 
5-9 
3-5 
5-2 
4-2 


Quantity 
in  nagrm. 

144 
153 
302 
202 
255 
306 


Average  respiratory  quotient  0-868,  +0039. 
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Fig.  1. — Chart  showing  rate  of  srrowth  of  the  six  tumours  of  carcinoma  206  tested. 
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C;ircinoin;i  20()  is  an  alveolar  carcinoma  of  the  mamma.  The 
transplanted  orowtLs  are  extremely  prone  to  undergo  spontaneous 
absorption,  and  induce  a  liigldy  refractory  state  to  subsequent  inocu- 
lation of  the  mice^'^\  The  rate  of  growth  of  individual  tumours 
varies  extremely  in  this  strain  ;  sometimes  it  w^ill  grow  even  faster 
than  37  S.,  but  at  others  it  will  slow  up  very  much.  On  Fig.  1 
are  given  the  outlines  at  weekly  intervals  of  the  six  tumours  used 
in  the  respiration  experiments  in  the  same  order.  From  this  it  will  be 
seen  that  there  is  a  tendency  for  the  respiratory  quotient  to  rise  witli 
increasing  speed  of  growth. 


Table  Yll.— Carcinoma  63. 

Respiratory 
quotient. 

0-853 

Ox^^gen  in  c.c. 
per  kgrm.  min. 

7-9 

Quantity 
in  mgrra. 

154 

Surface 
in  sq.  mm 

460 

0-794 

8-0 

145 

J? 

0-841 

5-4 

186 

400 

0-854 

7-2 

164 

460 

0-771 

6-2 

259 

800 

0-798 

6-4 

280 

5» 

Average  respiratory  quotient  0-818,  +0-014. 

Carcinoma  63  is  predominantly  alveolar  in  structure.  It  grows 
more  slowly  than  the  two  previous  tumour  strains,  but  is  much  steadier 
in  its  behaviour. 


Respiratory 
quotient. 

0-924 

0-980 

0-948 

0-901 

1-000 


Table  VII  I. 

—  Carcinoma  113. 

Oxygen  in 
per  kgrm. 

c.c. 
min. 

Quantity 
in  mgrm. 

Surface 
in  sq.  mm 

4-7 

296 

800 

4-6 

298 

?5 

2-9 

211 

>? 

4-2 

204 

11 

4-3 


327 


Average  respiratory  quotient  0*951,  +0-018. 

This  tumour  is  also  an  alveolar  carcinoma  and  grows  much  more 
slowly  than  carcinoma  63.  Its  special  feature,  however,  is  the  constant 
presence  of  considerable  quantities  of  glycogen  as  shown  in  PL  I.,  fig.  2. 
The  left-hand  portion  represents  a  fragment  of  the  emulsion  before 
incubation,  and  the  right-hand  a  similar  portion  after  one  and  a  half 

e2 
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hours'  incubation.  In  this  time  no  uppreciable  diminution  could  be 
detected  by  the  microscope  in  the  amount  of  glycogen  present.  This 
is  scarcely  what  might  have  been  expected  from  the  very  high 
respiratory  quotient  given  by  all  the  five  samples.  If  the  micro- 
scopic behaviour  of  the  glycogen  in  the  liver  and  this  tumour  be 
compared  with  the  respective  quotients  found  there  is  a  pronounced 
discordance.  The  extremely  fine  character  of  the  glycogen  granules 
in  the  liver-cells  will  of  course  facilitate  the  process  of  glycogenolysis, 
whether  the  carbohj'drate  be  needed  for  immediate  combustion  or  not. 


Table  IX.- 

—  Carcinoma  72. 

Respiratory 
quotient, 

0-629 

Oxy 

per 

gen  in  c.c. 
kgrm.  min. 

4-1 

Quantity 
in  mgrm. 

221 

Surface 
in  sq.  mm 

800 

0-837 

4-0 

317 

0-649 

3-2 

310 

0-714 

4-7 

283 

0-732 

4-3 

307 

0-752 

3-9 

278 

i\verage  respiratory  quotient  0*719,  4:^'^^'^^ 


Table  X.— 

Car 

cinoma  155. 

tespiratory 

Oxygen  in  c.c. 

Quantity 

Surface 

quotient. 

per  kgrm.  min. 

in  mgrm. 

ill  sq.  mm 

0-683 

6-5 

330 

800 

0-661 

4-8 

351 

^1 

0-706 

5-3 

143 

460 

0-697 

4-0 

253 

800 

0-617 

4-7 

306 

5? 

0-G78 

4-8 

2^& 

11 

Average  respiratory  quotient  0-674,  +0-0J3. 


Carcinoma  72  and  carcinoma  155  are  very  similar  in  structure  and 
type  of  growth.  The  general  type  of  structure  is  predominantly 
acinous,  the  acini  being  admittedly  imperfectly  constructed,  with  the 
lumen  often  drawn  out  into  a  long  slit.  Both  grow  extremely  slowly, 
carcinoma  155  being  even  slower  than  72.  Fig.  2  shows  at 
fortnightly  intervals   the  silhouettes  of  the  six  tumours  of  72  which 
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Fig.  1.— Liver  stained  for  glycogen.     Left  hand  :  before  incubation, 
liight  hand  :  after  2^  hours'  incubation.     X  410. 
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Fig.  2:  — Carcinoma  113  stained  for  glycogen.     Left  hand  :  before  incubation,     liight  hand  :  after 

H  honrs' incubation.      X  410. 
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were  tested,  and  it  will  be  seen  that  tlie  unusually  rapid  growth 
of  the  second  specimen  gave  a  much  liigher  respiratory  quotient 
than  the  other  five.  The  abnormally  low  quotients  given  by  155 
are  possibly  due  to  imperfection  in  the  method  used,  although  they 
may  be  produced  by  an  incomplete  oxidation  of  the  'intermediate 
products  of  katabolism. 
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Fig.  2. — Chart  showing  rate  of  growtli  of  the  six  tumours  of 
adeno-carcinoma  7'2  tested. 

An  epithelioma  which  started  on  the  back  of  a  male  mouse  and 
which  is  being  successfully  transplanted,  gave  on  the  three  occasions 
tested  respiratory  quotients  of  0'846,  0*755,  and  0*8()2.  In  rate  of 
growth  this  tumour  equals  carcinoma  113,  but  its  excessive  tendency 
to  undergo  spontaneous  absorption  and  to  keratinise  renders  the 
securing  of  suitable  material  difticult.  Only  one  spontaneous  tumour 
has  been  examined  and  the  quotient  0*785  found.  The  tumour  was  a 
hoemorrhaoic  adeno-carcinoma  of  the  breast,  and  the  material  tested 
came  from  a  fairly  rapidly  growing  mass  which  recurred  after 
operation. 

The  above  average  res[)iratory  quotients  show  greater  difTferences 
in  the  case  of  the  tumour  tissues  than  in  the  case  of  the  four  normal 
parenchymata  tested,  and  the  differences  in  the  case  of  the  tumours 
present    a    hitherto    unsuspected    feature.      The    consistency    of    the 
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results  obtained  with  the  individual  tissues  inspires  a  certain  degree 
of  confidence,  but  as  they  are  the  first  attempt  to  fix  a  respiratory 
quotient  for  different  mouse  tissues,  and  as  the  method  o£  analysis  is 
admittedly  defective,  caution  in  interpreting  the  results  is  indicated. 
Although  much  experimental  work  lias  been  done  on  the  oxygen 
consumption  of  organs  and  tissues,  there  are  few  cases  where  a 
consistent  respiratory  quotient  has  been  established  for  surviving 
tissues. 

Vernon  ^''^  obtained  a  quotient  of  0"85  for  the  rabbit  kidney  perfused 
with  oxygenated  Ringer  at  room  temperature.  This  is  fairly  close  to 
the  figure  found  by  us  for  mouse  kidney. 

(Johnheim  and  Pletnew  ^'^  found  for  the  cat's  intestine  a  quotient 
from  1'07  up  to  1*29,  but  their  method  involved  the  destruction 
of  the  lining  epithelium  and  bacteria  by  a  0*17  per  cent,  solution  of 
corrosive  sublimate.  In  a  large  series  of  experiments  on  the  heart- 
lung  preparation  from  dogs,  Starling  and  Evans  ^^^  obtained  a  quotient 
of  0'85  for  the  normal  dog.  The  hind  limbs  of  a  dog  w^ere  found  by 
von  Frey  and  Gruber^''^  to  give  a  quotient  slightly  above  unity. 
Battelli  and  Stern  ^^^^,  who  worked  with  minced  tissues  of  the  dog, 
found  for  the  heart  and  liver  quotients  of  0*72  and  0'58  respectively. 
Harden  and  Maclean  ^^^^  obtained  quotients  varying  from  0*9  to  13 
wdth  minced  rabbit  muscle.  Eabbit  liver  was  investigated  by  Fedeli^^^^, 
and  a  quotient  of  0  725  ascertained. 

In  addition  to  the  four  normal  tissues  a  few  experiments  were 
carried  out  by  us  on  embryonic  tissues,  which  share  wdth  tumours 
a  rapid  proliferation  rate.  Three  were  done  on  emulsions  of  the  total 
embryo,  and  gave  quotients  varying  from  1'3  to  1*1,  but  the  rate 
at  which  the  excess  of  carbon  dioxide  came  off"  dropped  rapidly  during 
the  first  thirty  or  forty  minutes  of  the  incubation.  The  abnormality 
of  the  quotient  with  this  tissue  is  probably  due  to  the  lactic  acid 
formation  in  the  muscle  cells  driving  out  carbon  dioxide  from  pre- 
existent  combination.  Fletcher  ^^^^  has  shown  clearly,  both  for  minced 
rabbit  and  rat  muscle,  that  there  is  a  rapid  rise  in  the  amount  of  lactic 
acid  present  during  the  first  half  hour^  and  an  excessive  evolution  of 
carbon  dioxide  in  the  same  period.  On  two  occasions  the  respiratory 
exchange  of  an  emulsion  made  from  mouse  embryo  skin  was  tested, 
and  on  each  occasion  a  quotient  of  unity  was  found.  The  experiments 
on  embryonic  tissues  have  been  hampered  b}'  an  unusual  run  of 
sterility  in  our  breeding  stock,  and  will  have  to  be  pursued  as  occasion 
offers. 
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Whilst  many  observations  have  been  made  u})on  the  respiratory 
exchange  of  the  embryos  oE  cold-blooded  animals  and  upon  the 
developino-  oogs  of  hens,  but  few  attempts  have  been  made  with 
warm-blooded  animals.  C/ohnslein  and  Zuntz  ^^2)  ni-iJe  the  attempt 
on  sheep  embryos,  but  did  not  succeed  in  establishing  a  respiratory 
quotient.  Bohr^^^^  had  more  success  with  the  guinea-pig,  and  con- 
cluded that  the  total  oas  exchanoe  was  about  the  same  as  for  the  mother 
with  a  respiratory  exchange  about  unity.  His  figures,  however,  show 
wide  variutions  in  the  different  experiments.  That  a  developing 
mammal  should  have  a  respiratory  quotient  about  unity  stands  in 
marked  contrast  with  the  low  quotient  of  0*7 1  found  in  the  developing 
chick  ^^^\  for  the  former  means  pure  carbohydrate  metabolism  and  the 
latter  a  pure  fat  metabolism. 

It  was  already  noted  that  the  quotient  of  the  mamma  of  pregnant 
mice  was  apparently  higher  about  the  sixteenth  day  than  at  later 
stages  of  gestation.  This  fall  might  be  correlated  with  the  establish- 
ment of  lactation,  the  metabolic  exchange  of  the  gland  passing  from 
that  of  pure  development  to  one  o£  functional  activity.  Before  the 
onset  of  the  latter  the  gland  would  appear  to  be  burning  carbohydrate 
only.  Kidney,  liver,  and  salivary  gland  all  have  quotients  pointing  to 
a  mixed  metabolism,  but  in  default  of  any  estimate  of  the  probable 
nitrogenous  metabolism  of  the  mouse,  it  scarcely  seems  feasible  to 
arrive  at  approximate  figures  for  the  respective  amounts  of  food- 
substances  which  would  give  the  various  quotients.  In  any  case  the 
imperfections  of  the  method  of  arriving  at  the  respiratory  quotient 
do  not  justify  us  in  drawing  any  but  the  broadest  and  most  apparent 
conclusions. 

It  may  be  here  recalled  that  Cramer  ('^^,  in  comparing  the  gaseous 
exchange  of  rats  bearing  inoculated  tumours  with  normal  rats,  found 
no  essential  difference  in  the  respiratory  quotient.  Chisolm  ^^"^^  came 
to  a  similar  result  in  ^the  case  of  mice.  The  relatively  small  part 
which  a  necrosing  tumour  occupies  in  the  total  gaseous  metabolism 
of  the  animal  might  readily  obscure  such  differences  as  we  have  found 
in  the  observations  detailed  above. 

In  general  it  may  be  stated  that  when  one  tumour  strain  is  com- 
pared with  another  there  is,  with  increasing  rate  of  growth,  a  rise 
in  the  respiratory  quotient.  The  glycogen-rich  tumour  113  makes  an 
important  exception  to  this  stai(Mncnt,  for  although  its  rate  of  growth 
is  slow,  yet  it  gives  the  highest  average  quotient  found  for  neoplastic 
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tissues.  Its  largo  store  of  intriicellular  glycogen  gives  it  a  super- 
abundant supjjly  ot*  carboliydrate  to  draw  upon,  although  there  is 
scarcely  any  histological  evidence  of  reduction  in  the  amount  of 
glycogen  after  one  and  a  half  hours'  incubation.  For  the  greater 
[)art  of  this  period,  however,  the  tumour  may,  like  the  kidney,  be 
drawing  upon  invisible  carbohydrate.  The  storing  of  glycogen  by 
this  tumour  parenchyma  may  be  looked  upon  as  a  pathological  excess 
over  its  actual  needs. 

Microscopic  examination  of  the  different  tumour  emulsions  has 
shown  that  all  contain  j)lenty  of  falty  material,  but  it  is  only  the 
very  slowly-growing  tumours  72  and  155  which  give  a  (juotient 
representing  the  exclusive  combustion  of  fats.  An  interesting  con- 
firmation of  the  fat  metabolism  prevailing  in  these  two  strains  was 
obtained  by  comparing  the  survival  of  the  mitochondria.  Whereas 
the  mitochondria  of  the  other  tumours  and  normal  tissues  were  well 
preserved  after  one  and  a  half  hours^  incubation,  in  these  two 
strains  they  underwent  a  ra[)id  degeneration  andi  disa})peared.  The 
histological  evidence  of  this  change  will  be  dealt  with  in  a  later 
communication  by  one  of  us  (B.  R.  G.  R.). 

In  conclusion,  attention  may  be  drawn  to  the  circumstances  that 
these  experiments  do  not  deal  with  the  respective  part  played  by 
diflerent  food-substances  participating  in  the  building-up  of  a  given 
tumour  parenchyma,  but  only  bear  upon  the  sources  from  which 
the  tumour  derives  the  necessary  energy.  Tiie  distribution  of  this 
energy  between  energy  of  growth  and  energy  of  function  is  at 
present  impossible  in  view  of  the  elusive  character  of  function  in 
tumours.  In  so  far  as  a  conclusion  may  be  drawn,  the  experiments 
do  not  go  further  than  showing  that  rapidly-gro\Aing  tumours  draw 
more  on  carbohydrates  for  their  energy,  whilst  slowly-growing  more 
differentiated  tumours  apply  themselves  to  fats. 


Summary. 

Respiratory  quotients  were  obtained  for  surviving  normal  and 
tumour  tissues  of  the  mouse  by  suspending  enmlsions  in  alveolar 
air  in  the  Barcroft  blood-gas  apparatus.  The  results  agreed  very 
closely  in  successive  experiments  with  each  normal  tissue.  Greater 
variability  was  found  with  tumours  : 
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Normal.                                                              Tumour. 
Kidney  0-883  +  0002       jj    37s 0-941  +  0-010 


Liver 0-813±0-024 

Mamma 0-9U  +  0-027 

SiibmaxiJlary  olaiid    0-841  +  0  02  4 

(Total  embryo   13—1-1) 

(Mouse  embryo  skin  1*0) 


I 

k.  a 


2013  0-868  +  0-039 

63  0-818+0-014 

'^'i   113  , 0-951  +  0-018 

1^      72  0-719  +  0-031 

I  1    155  0-674±0-013 


The  tentative  conclusion  is  drawn  that  the  more  rapidly-growing, 
undifferentiated  tumours  draw  their  energy  from  carbohydrate,  the 
more  slowly-growing  from  fats. 
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EXPERIMENTAL    TAR    CANCER    IN    MICE. 

By  J.  A.  MURRAY  and  W.  H.  WOGLOM. 

(Plate  II.) 


Thk  industrial  i'orins  of  carcinoma  due  to  the  application  to  the  skin  oE 
the  products  of  the  destructive  distillation  of  coal  have  been  known  for 
many  years  and  many  attempts  have  been  made  to  produce  the  disease 
in  animals  by  means  oE  them.  It  is  therefore  not  a  little  remarkable 
that  the  first  successes  were  only  obtained  as  recently  as  1915,  when 
Yamagiwa  and  Ichikawa^^^  reported  the  results  of  prolonged  application 
of  coal  tar  to  rabbits'  ears.  In  this  paper  ^^^  and  in  later  publica- 
tions ^^'^'^^  these  authors  have  described  and  figured  the  extensive 
papillomatous  and  ulcerative  lesions  produced  and  have  discussed  the 
evidence  for  their  maliouant  nature.  In  this  discussion  Yamaoiwa  and 
Ichikawa  liave  relied  on  the  histological  examination  of  the  cutaneous 
lesions.  In  three  animals  metastases  were  found  in  the  lymph  glands 
at  the  base  of  the  ear,  but  none  of  the  attempts  at  implantation  into 
normal  animals  was  successful.  The  warty  appearance  of  the  growths, 
and  the  fact  that  in  some  instances  retrogression  took  place  when 
tarring  was  discontinued,  while  it  does  not  detract  from  the  cardinal 
value  of  the  author's  achievement,  makes  it  impossible  to  accept 
without  reserve,  their  estimate  of  the  number  of  animals  in  which 
undoubted  carcinoma  was  produced. 

In  1918  H.  Tsutsui  ^^\  a  pupil  of  Yamagiwa,  reported  on  the  ])ro- 
duction  of  tar  cancer  in  mice.  In  his  experiments  16  cutaneous 
carcinomata  and  1  sarcoma  occurred  in  the  67  mice  which  survived 
100  days.  Lung  metastases  were  found  in  two  of  his  animals.  Still 
more  recently  Fibiger  and  Bang  ^^'  '^  have  reported  the  results  of  two 
series  of  similar  experiments  in  mice.  In  twelve  out  of  25  mice,  only 
slight  alterations  were  noted.  In  the  remaining  13  mice  considerable 
proliferative  changes  were  observed,  consisting  of  papillomatous  over- 
growths, cutaneous  horns  and  in  10  at  least,  true  carcinomata.  In 
a  third  series,  out  of  20  mice,  slight  changes  were  recorded  in  5, 
papillomatous  growth  in  1  and  carcinoma  (or  carcino-sarcoma)  in  14. 
In  all  three  series  together,  out  of  26  mice  which  survived  for  180  days 
or  longer  24  developed  carcinoma  or  carcino-sarcoma. 
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Fibiger  and  Bang-  also  have  laid  most  weight  on  the  histological 
evidence  for  the  nialionant  nature  of  the  orovvths.  In  2  out  of  13  mice 
metastases  were  found  in  the  lungs,  in  other  2  in  ljm[)hatic  glands. 
They  have  attempted  to  draw  an  impossible  histological  distinction 
between  papillomata,  cutaneous  horns,  and  true  carcinomata.  In  two  of 
their  cases  tr.ms[)lantation  experiments  were  succjessful,  one  a  cancroid, 
the  other  a  carcino-sarcoma^  but  it  is  necessary  to  point  out^  in  view  of 
the  great  variations  which  are  met  with  in  the  transplantability 
of  growths  histologically  identical,  that  the  results  of  transi)lantation 
experiments  are  valid  only  for  the  individual  tumours  with  which  they 
have  been  carried  out,  and  cannot  be  adduced  as  evidence  for  or  against 
the  malignant  nature  of  tumours  which  have  not  been  tested. 

From  what  has  been  said  it  is  clear  that  in  the  application  of  tar  to 
mice  a  most  promising  method  has  been  found  for  investigating  the 
changes  which  normal  cells  undergo  in  becoming  cancerous  and  the 
conditions  under  which  this  change  occurs.  The  experiments  now  to 
be  described  were  begun  early  in  1920  to  acquire  personal  experience 
of  the  method  and  its  capabilities.  A.  series  of  190  mice  from  three  to 
six  months  old  were  taken  and  the  area  between  the  shoulders  was 
epilated  with  barium  sulphide  paste.  (Later  experience  has  shown 
that  10  per  cent,  sodium  sulphide  solution  in  water  is  preferable  for 
this  purpose  as  the  minute  traces  of  barium  salt  adhering  to  the 
surrounding  parts  can  be  licked  off  by  the  animals  and  lead  to  dan- 
gerous enteritis.)  In  the  centre  of  the  bare  area  a  narrow  zone  1  cm. 
long  and  1  mm.  wide  was  painted  with  ordinary  gas  tar  and  the 
application  renewed  once  or  twice  a  week.  Once  a  fortnight  the 
animals  were  carefully  examined,  and  as  soon  as  proliferative  changes 
were  noted  the  animal  w^as  segregated  and  given  an  identification 
number  in  a  special  chart-book.  In  this  chart  the  lesions  were  traced 
in  outline  under  the  date  of  examination.  In  alternate  animals  showino- 
localised  hypertrophies  tar  painting  was  discontinued  as  soon  as  they 
were  entered  in  tho  chart,  while  the  others  continued  to  receive 
applications  of  tar  as  before.  Tarring  was  discontinued  in  them  also 
whenever  the  new  growths  showed  signs  of  rapid  increase  in  size. 
The  initial  lesions  were  sessile  or  {)edunculated  warty  outgrowths, 
minute  cutaneous  horns  or  ulcers  covered  by  an  adherent  scab.  What- 
ever the  lesion,  as  soon  as  it  had  attained  a  maximum  extension  of 
1  to  1*5  cm.  in  any  direction  we  proceeded  to  test  its  character  in  the 
following  way.  The  tumour  was  removed  under  urethan-ether  anaes- 
thesia and  two  small  fragments,  removed   from   the   edges  of  the  deep 
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surface,  were  inoculated  subcufaneously  in  the  rioht  and  left  flanks  of 
the  mouse  without  delay.  The  remainder  of  the  tumour  was  preserved 
for  histological  and  cytological  examination.  Once  a  week  the  mice 
were  examined  and  outline  tracings  mnde  of  the  autoplasts  and  the 
progress  of  the  wound  was  also  recorded.  This  method  was  adopted 
because,  as  Haaland  had  shown,  autoplastic  inoculations  of  malignant 
new  growths  of  mice  were  almost  invariably  successful,  an  experience 
since  confirmed  try  many  workers.  Homoplastic  transplantation  (into 
normal  animals  of  the  same  species)  may  fail  even  when  carried  out  on 
large  numbers  of  healthy  animals.  Further  experiments  have  shown 
that  normal  tissues  and  benign  growths  grow  only  temporarilj'  or  not 
at  all  on  autoplastic  transplantation,  and  it  is  believed  that  progressive 
growth  of  the  autoplasts  can  be  confidently  regarded  as  evidence  of 
the  truly  carcinomatous  (or  sarcomatous)  nature  of  the  growths  tested. 
The  method  allows  us  to  test  the  proliferative  powers  of  the  cells  of  a 
lesion,  at  any  selected  time  and  particularly  at  the  earlier  stages  before 
extension  has  had  time  to  produce  characteristic  effects.  By  subsequent 
removal  of  the  autoplasts,  animals  in  which  tarring  has  produced  true 
malignant  growths  can  be  preserved  for  further  study.  This  procedure 
also  gives  facilities  for  transplantation  into  normal  animals,  in  that  an 
adequate  amount  of  healthy  sterile  tissue  is  available  should  the  results 
of  histological  examination  of  the  primary  growth,  or  other  reasons, 
make  this  advisable. 

The  features  which  have  principally  been  relied  on  as  evidence  of 
malignancy  in  these  investigations  have  been  :  1st,  the  progressive 
growth  of  the  primary  tumour  after  painting  has  stopped,  and  of  the 
autoplasts ;  2nd,  recurrence  after  wide  excision  ;  3rd,  histological 
evidence  of  local  infiltrative  growth  ;  and  4th,  metastasis  in  internal 
organs.  Loss  of  differentiation  and  atypical  cellular  characters  are  so 
notoriously  inadequate  as  criteria  of  malignancy  in  the  tumours  of  man 
and  animals  that  they  may  be  left  out  of  account.  In  fact  many  of 
the  growths  produced  are  perfect  examples  of  the  high  malignancy 
of  skin  carcinomata  showing  practically  normal  diff^erentiation.  Growth 
in  normal  animals  has  not  been  used  as  a  test  for  malignancy.  Exten- 
sive trials  have  sliown  that  many  well  differentiated  tumours,  and 
especially  squamous  cell  carcinomata,  show  temporary  growth  only,  in 
normal  animals  and  Ihat  in  a  low  percentage.  The  test  in  order  to 
have  any  value  would  require  to  be  done  on  large  numbers  of  animals, 
if  negative  would  not  exclude  malignancy,  and  even  when  positive 
might  be  equivocal  from  tlie  disappearance  of  the  growths  produced 
after  a  short  peiiod  of  proliferation. 
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The  general  course  and  results  of  the  experiment  are  given  in  the 
accompanying  text-fig.  1.  The  intorruptod  line  falling  from  left  to 
right  indicates  the  gradual  diminution,  by  death  from  intercurrent 
diseases  or  development  of  tumours,  of  the  number  of  animals  being 
tarred,  at  successive  periods  of  4  weeks.  The  first  appearance  of 
growths  is  indicated  above  the  interrupted  line  by  a  circle  (o)  where 
subsequent  investigation  did  not  give  conclusive  evidence  of  malig- 
nancy. A  black  circle  (•)  marks  the  first  appearance  of  a  growth 
which  subsequently  proved  to  be  malignant.  The  first  two  nodules  were 
found  after  four  months,  by  which  time  the  number  of  mice  had  fallen 
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Fig.  1. — Diap^rammatic  summary  of  results  of  experiment,  g"iving  time  of  first  appearance 
of  malignant  (#)  and  possibly  benign  o  tar  tumours,  tlie  duration  of  tarring  after  first 
appearance  and  the  total  number  of  applications  in  each  case.  Op.  =  operation  j  t  died  ; 
tarring  continued ;  - tarring  stopped.  At  the  junction  of  the  con- 
tinuous and  dotted  line,  T  followed  by  a  number  gives  the  number  of  applications  of  tar. 

to  just  over  100.  Both  these  animals  died  before  the  tumours  were 
large  enough  for  operation.  Two  weeks  after  these  were  discovered  a 
thiid  small  warty  growth  appeared  (reference  number  157G).  It  grew 
slowly  and  a  long  cutaneous  horn  developed  on  its  surface.  The  micro- 
scopic appearance  of  this  cutaneous  horn  is  shown  in  PI.  II.,  fig.  1. 
There  is  a  central  area  of  thickened  epithelium  surmounted  by  a  dense 
mass  of  keratinised   squames   cemented   together   by   dried    up    serous 
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exudate.  This  constitutes  the  base  and  lower  part  of  the  cutaneous  horn. 
The  surrounding  skin  shows  an  irregularly  thickened  epithelium  and 
hypertro{)hic  hair  follicles.    It  is  important  to  note  that  the  proliferating 
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Fig.  2. — Details  of  the  progress  of  10  tar  tumours  regarded  as  malignant,  showing  the 
rate  of  growth,  results  of  operation,  success  or  failure  of  autoplasty,  and  the 
occurrence  of  metastases.  The  primary  growths  are  black  (shaded  projections 
indicate  cutaneous  horns).     Autoplastic  tumours  shaded  diagonally. 

tissue  nowhere  reaches  the  subcutaneous  muscle  layer  or  panniculus 
carnosus,  and  there  is  no  ulceration.     The  only  suggestion  of  tumour 
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character  is  the  presence  of  a  localised  area  of  proliferation  of  typically 
differentiated  stratified  squamous  epitljeliiini.     There  is  nothing  in  the 
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Fig.  3.— Similar  chart  to  text-fig.  2  of  the  progress  of  13  tar  tumours 
regarded  as  malignant. 

microscopic  appearances    to    indicate    that    the    growth  is   malignant. 
Nevertheless   autoplastic    transplantation    was    successful    (text-fig.  2) 
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and  tlie  mouse  died  G  weeks  after  operation  with  large  metastases 
in  spleen  and  me?ometriiim  (text-fig.  2).  The  tumour  1572  (text- 
figs.  1  &  2),  which  was  first  noted  a  fortnight  later,  grew  rapidly  after 
tarring  was  stopped.  It  gave  rapidly  growing  autoplasts  which  infil- 
trated the  abdominal  wall  so  widely  that  complete  excision  was  not 
attained  when  they  were  operated,  and  the  mouse  died  with  large 
recurrent  masses  in  both  flanks.  The  primary  tumour  did  not  recur, 
and  histologically  it  appeared  to  be  relatively  benign  (text-fig.  4).  The 
growth  w^as   transplanted   into  normal  animals   successfully    for  three 


Fig.  4. — Tar  timiour  ]r)72— niaigin  of  priiraiy  growth.  No  local  infiltration. 
Autoplasts  grew  rapidly  and  recurnd  after  excision  [cf.  text-iig.  2).  This 
tumour  also  grew  well  in  normal  animals. 

generations  and  then  allowed  to  die  out.  Its  innocent  appearance  was 
deceptive.  At  each  succeeding  fortnight  fresh  growths  a{)peared  till 
at  the  end  of  the  year  only  three  mice  remained  alive  without  growths 
of  any  kind.  Out  of  the  100  mice  which  survived  till  the  first  tumour 
appeared  40  showed  growths  and  of  these  not  less  than  23  gave 
evidence  of  malignancy.     If  we  regard    the   time   of  appearance  of  a 
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hypertrophic  nodule  in  the  first  two  animals  as  marking  the  beginning 
of  the  cancer  age  in  these  nuco  (corresponding  to  the  age  of  35  3^ears 
in  man),  then  one  in  every  five  mice  which  reached  the  cancer  age 
developed  malignant  new  growth. 

The  details  of  the  initial  growth,  the  results  of  operation,  and  of  auto- 
plastic transplantation,  in  these  23  mice  are  given  in  text-figs.  2  and  3. 
The  primary  growths  arid  their  recurrences  nre  shown  in  full  black. 
The  autoplastic  tumours  are  shaded  diagonally.  The  number  attached 
to  each  animal  indicates  its  sequence  in  the  laboratory  chart  record  of 
spontaneous  tumours  of  mice.  A  description  of  each  record  would  be 
superfluous  as  the  chart  explains  itself,  but  attention  may  be  directed 
to  those  experiments  in  which  autoplasty  was  not  performed  or  was 
unsuccessful.     The  mouse  numbered  1582  is  the  first  of  these.     The 


FiG.  5. — Tar  tumour  1532  in  which  autoplasty  was  negative.  The  dotted  line 
indicates  the  position  of  the  panniculiis  carnosus  and  shows  invasion  of  it  by  the 
deep  surface  of  the  tumour  at  the  right  side.  (In  these  silhouette  tracings  of 
the  histological  preparations,  normal  skin  and  living  tumour  epithelium  are 
shown  black,  keratinisation  laminated,  and  necrotic  or  ulcerated  tissue  dotted.) 

rounded  growth  presented  two  superficial  ulcerations  and  both  grafts 
became  septic  and  ulcerated  out  in  two  weeks  after  operation.  The 
appearances  on  histological  examination  (text-fig.  5)  w^ere  regarded  as 
sufficiently  distinctive  to  warrant  its  inclusion  in  the  definitely  malig- 
nant group.  In  mouse  1583  the  autoplasts  remained  of  small  size  till 
the  death  of  the  animal  ten  weeks  after  operation.  Histological 
examination  of  the  primary  growth  showed  extensive  infiltration  of  the 
panniculus  carnosus  by  tumour  strands  with  many  cell  nests.  Both 
autopLists   were   cysts  filled   with   concentric   keratinised   laminae  and 
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at  one  side  irregular  trabecnlse  of  healtliy  squamous  cell  carsiiiomn. 
The  clironic  general  infection  wliicli  led  to  the  death  of  the  niouso  had 
npparently  retarded  the  growth  of  the  grafts. 

Mouse  (23)  died  without  having  been  operated.  Text-fig.  6  shows  the 
topography  of  the  growth,  with  a  long  sub-epithelial  extension  on 
the  right  side  of  the  figure,  infiltrating  the  panniculus  carnosus. 
Text-fig.  6  a  shows  the  margin  of  the  flat  carcinomatous  ulcer  in  mouse 
1598.  Aui;o[)lasty  was  successful  in  this  animal  (text-fig.  3),  and  the 
figure  is  merely  introduced  to  show  tlie  very  typical  mode  of  extension. 
Mouse  1604  died  before  the  result  of  autoplasty  was  obtained  with 
large  metastases  in  the  lungs.     Mouse  1G15  (text-fig.  7)  has  died  since 


Fig.  6.— From  tar  mouse  [23]  which  died  without  havino-  been  operated.  The 
central  part  of  the  tumour  is  entirely  keratinised  and  necrotic,  and  healthy  tissue 
is  restricted  to  the  margins.  The  thick  dotted  hue  indicates  the  panniculus 
carnosus,  which  is  infiltrated  on  the  right  side. 

the  chart  was  made  with  metastases  in  the  lymph  nodes  of  both  axillae. 
Mouse  1626  (no  figure)  is  still  alive.  The  autoplasts  have  not  grown, 
but  the  histological  evidence  of  local  infiltrative  growth  is  conclusive. 
Mouse  (32)  is  also  included  on  the  histological  evidence  alone  (text- 
fig.  8),  death  liaving  taken  place  before  operation  could  be  })erformed. 
In  mouse  1616  (tcxt-Kg.  9)  and  mouse  1632  the  autoplasts  were 
infected  and  ulcerated  out.  Local  recurrence  followed  the  primary 
operation  in  mice  1577,  1598  and  1613,  in  all  three  in  the  form  of 
cutaneous  horns.     The  recurrence  in  mouse  1577  (text-figs.  lO&ll) 
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is  interesting  because  of  the  delay  in  its  appearance.  It  was  not  till 
five  months  had  elapsed  from  the  time  of  the  primary  operation  that  a 
minute  warty  growth  appeared  (text-fig  2).  No  tar,  or  other  irritant, 
had  been  applied  in  the  meantime  and  the  wart  developed  a  pointed 
cutaneous  horn  on  its  surface  and  increased  in  size  rapidly.  It  was 
excised  and  the  mouse  is  still  alive. 


Fig.  G  a. — Tar  tumour  1598.  Margin  of  flat  ulcerated  growth,  sliowiug  hypertrophic 
hair  follicles  on  the  left  and  infiltration  of  panuiculus  carnosus  below.  The 
oval  outlines  represent  transverse  sections  of  the  muscle  bundles.     X  circa  ii*. 

Transplantation  into  normal  animals  was  successful  with  tumours 
157'2,  1.5D2,  l(t04.  With  tumour  1614  no  growth  was  obtained  in  10 
normal  animals  although  both  autoplasts  had  grown  rapidly  (text-fig.  3). 
The  primary  growth  and  both  autoplasts  consisted  almost  entirely  of  a 
spindle-cell  tissue  with  very  sparse  islands  of  keratinisation.  The 
failure  of  propagation  leaves  it  undecided  whether  the  growth  was  a 
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polymorphic  carcinoma  or  a  carcinosarcoma.  The  presumption  is 
against  the  presence  of  true  sai-coma,  as  sarcomata  are  usually  propa- 
gated with  ease  in  normal  animals. 

The  most  interesting  feature  brought  out  by  histological  examination 
of  the  whole  series  is  the  less  differenliated  character  of  the  tumours 
arising  after  prolonged  tarring.  This  is  not  absolute  by  any  means, 
as  some  of  the  most  recent  tumours  have  been  highly  differentiated 
cutaneous  horns.  It  was  also  only  to  be  expected  that  the  first 
indications  of  growth  should  be  mere  hypertroi)liies  of  the  surface 
epithelium,  warty  overgrowths,   and   cutaneous   horns.     In  the  main, 


Fig.  7. — Tar  tumour  1615.  Multiple  origin  still  recognisable.  The  vertical  gap  in 
the  t]gure  on  the  right  indicates  the  position  of  the  large  ulceration  shown  on 
the  large  posterior  tumour  indicated  in  text-fig.  3.  Note  extensive  infiltration 
of  pauniculus  carnosus  on  right  side  ;  on  the  left  a  few  nodules  have  just  reached 
the  muscular  layer. 


however,  the  earlier  carcinomata  of  this  series  have  shown  practically 
normal  differentiation  with  abundant  or  even  excessive  formation  of 
keratin  and  have  maintained  this  feature  in  the  autoplasts  and  in 
normal  mice.  The  later  tumours,  even  when  the  time  from  their  first 
appearance  till  they  attained  operable  size  was  short,  have  been  less 
differentiated,  with  little  keratinisation  and  prickle  cells  badlj-  formed 
or  absent.  The  tumours  numbered  l(j()4  (text-fig.  12)  (PI.  II.,  figs.  3 
&  4)  1597  and  1614  (text-fig.  13),  arising  after  34,  38  and  42  weeks 
tarring  respectively  (text-fig.  1)  show  the  greatest  histological  aber- 
rations.    These  are  the  growths  in  which  the  histological  diagnosis  lies 
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between  poiyniorphism  of  a  carcinomatous  parenchyma  and  carcino- 
sarcoma. The  difficulty  arising  out  oE  the  equivocal  microscopical 
appearances  in  tumours  o£  this  kind  can  only  be  resolved  by  prolonged 
propagation  in  normal  animals.  Unfortunately  this  was  only  successful 
with  tumour  1()04.  The  propagated  tumours  have  all  had  the  structure 
of  S(|uamous  cell  carcinomata  with  slightly  developed  keratinisation  and 
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X'iG.  8. — Tar  mouse  [32]  which  died  without  having  been  operated.     The  dotted  line 
indicates  position  of  panniculus  carnosus, 

no  suggestion  of  sarcoma.  It  must  therefore  be  regarded  as  a  poly- 
morphic celled  carcinoma.  The  nature  of  the  other  two,  1597  and  1614, 
in  which  the  change  had  progressed  further  in  the  primary  growths 
must  be  left  undecided. 

Thus,  although  the  new  growths  produced  in  mice  by  prolonged 
application  of  tar  present  all  the  varieties  oF  histological  structure  met 
with  in  squamous  cell  carcinoma  occurring  naturally  in  man  and  animals, 
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Fig.  1). — Tar  tiunoiir  1616.  Infection  through  tlie  necrotic  keratinised  central  part  of  this 
cutaneous  horn  has  led  to  the  formation  of  an  abscess  under  the  growth,  beneath  the 
panniculus,  indicated  by  the  thick  dotted  line  right  and  left.  (Cf.  tar  mouse  [23] 
text-fig.  6.) 


y  fnm. 


Fig.  10, — Tar  tumour  1577.  'J'ri-radiate  cutaneous  horn  without  evidence  of  local  inlil- 
tration.  Late  regional  recurrence,  5  months  after  primary  operation  (see  text-fig  11). 
Both  autoplasts  grew,  but  did  not  recur  after  excision. 
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these  do  not  arise  haphazard.  It  would  a})pear  that  the  longer  it  takes 
to  set  lip  the  lualionant  change  tlie  more  atypical  the  growths  will  be. 
Why  some  animals  respond  quickly,  others  only  after  prolonged  irritation 
is  so  obviously  a  question  suitable  for  experimental  analysis,  that  it  is 
better  not  to  discuss  the  various  possibilities  which  spring  to  the  mind. 


Fig.  11. — Recurrent  cutaneous  horu  in  mouse  1577.  This  is  the  usual  appearance  of 
the  cutaneous  horns  in  these  mice.  Same  magnification  as  preceding  figure 
(X  \^). 

For  the  same  reason  it  is  unnecessary  to  discuss  the  probable  nature  of 
the  substance  or  substances  in  coal  tar  responsible  for  the  development 
of  new  growths.  There  is  a  feature  of  these  experiments  however 
which    is   significant.       The    reader    may  be    reminded   that  the  area 
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Fi(}.  12. — Tar  tumour  1604,  composed  of  typical  squamous  cell  portions  (full  black 
and  atypical  spindle-celled  and  polymorphic  areas.     {Cf.  also  PL  11.,  fig.  3  ) 
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Fig.  13.— Tar  tumour  1614.     Almost  entirely  spindle-celled  growth 
infiltrating  panniculus  on  left. 
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to  which  tar  was  applied  was  an  elongated  strip  of  skin  1  cm.  by  1  mm. 
Reference  io  the  charts  in  text-figs.  2  and  3  show  that  in  no  case  was 
diffuse  carcinomatous  change  produced  over  the  whole  stimuhited  area. 
In  tlie  majority  of  instances  a  single  nodule  appeared.  In  6  or  7,  two  or 
three  nodules  were  produced  and  coalesced.  In  two  instances  1631 
(text-fig.  2)  and  1611  (text-fig.  3)  several  nodules  appeared  distributed 
along  the  irritated  area.  This  can  only  mean  that  the  neoplastic  change 
is  not  an  immediate  response  to  a  single  chemical  substance  present 
in  the  irritant,  but  is  produced  indirectly  by  secondary  changes  in 
small  foci  in  the  stimulated  area. 

Autoplastic  transplantation  may  be  regarded  as  artificial  metastasis, 
and  in  these  experiments  it  has  been  shown  that  it  may  be  successful 
long  before  local-  infiltrative  growth  or  s{)ontaneous  metastasis  to 
distant  organs,  have  had  time  to  occur.  A  review  of  all  the  evidence 
seems  to  us  to  justify  the  conclusion  that  progressive  growth  of  auto- 
plasts  is  proof  of  the  cancerous  nature  of  the  growths  which  show  it, 
even  although  histologically  they  may  seem  to  be  innocent.  Conversely 
it  would  be  hazardous  and  inadvisable  to  attempt  to  decide  whether 
the  new  formations  described  by  our  predecessors  are,  in  every  case, 
rightly  included  in  the  malignant  new  growths  or  not.  It  is  even 
probable  that  some  of  the  tumours  regarded  as  benign  by  them  would, 
if  tested  by  autoplastic  transplantation,  have  given  evidence  of 
progressive  independent  growth.  It  is  hoped  therefore,  that  more 
extended  use  will  be  made  of  this  easy  and  convenient  test  in  future 
experiments. 

Summary. 

Prolonged  application  of  coal  tar  to  the  skin  of  mice  produces 
malignant  new  growths.  The  malignancy  of  these  tumours  is  deduced 
from  their  progressive  growth  after  tarring  has  stopped,  from  the 
success  of  autoplastic  transplantation  and  the  occurrence  of  metastases, 
and  from  the  histological  appearances  of  local  infiltrative  growth. 
Although  all  animals  seem  to  be  susceptible,  great  variations  are  met 
with  in  the  duration  of  the  treatment  necessary.  In  general  the 
more  easily  carcinoma  is  produced,  the  nearer  the  normal  is  the  differ- 
entiation shown  by  the  tumour,  and  conversely.  The  malignant  change 
supervenes  in  isolated  small  foci  in  the  irritated  area  and  not  as  a  diffuse 
change  affecting  all  the  cells  exposed. 


PLATE  II. 


Fig.  1. — Tar  tumour  1576/o.  Tlie  surrounding  skin  passes 
gradu.illy  into  the  thickened  epithelium  forming  the 
base  of  the  cutaneous  horn.  Note  many  hypertrophic 
hair-follicles  cut  transversely,  especially  on  the  right 
side. 

Pilgrim  del. 


mm. 


Fig.  2. — 1576/o.  Spleen  metastasis,  almost  completely 
keratinised.  The  small  figure  at  the  top  shows 
a  transverse  section  of  the  whole  spleen,  and 
the  size  of  the  area  included  in  the  lower  figure. 

Pilgrim  del. 


Fig.  3.— Polymorphic  squamous  cell  carcinoma,  1604.     Two  areas  showing  the  great  variation 


in  structure  in  different  parts  of  the  primary  growth. 


Pilgrim  del. 
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LYMPH A.TIC    DISSEMINATION    IN    SPONTANEOUS 
AND    TRANSPLANTED    TUMOURS     OF    MICE. 

By  J.  A.  MURRAY. 

(Plates  III.-IX.) 


Metastases  in  lymph  glands  are  so  common  a  feature  in  the 
manimarj  carcinomata  of  man,  that  their  relative  infrequency  in  the 
corresponding  new  growths  of  mice  has  offered  a  stumbling-block  to 
many  pathologists  and  surgeons  in  accepting  them  as  truly  comparable 
conditions.  The  examples  o£  lyinpliatic  dissemination  here  collected 
should  help  to  remove  this  difficulty,  and  a  consideration  of  the  details 
of  their  occurrence  will  indicate  some  of  the  reasons  for  their  rarity. 
They  are  rather  of  the  nature  of  accidental  findings  in  the  course  of 
routine  autopsies  of  experimental  animals  than  the  results  of  systematic 
search.  The  figures  have  been  prepared  from  time  to  time  as  the 
cases  have  occurred,  and  full  legends  are  appended  to  each  so  as  to 
obviate  the  necessity  for  extended  descriptions  in  the  text. 

Lymph-gland  metastases  have  already  been  recorded  and  described 
by  Borrel  for  an  epithelioma  of  the  jaw  in  a  mouse,  by  Jobling  in 
the  propagated  adeno-carcinoma  of  the  rat  known  as  the  Flexuer- 
Jobling  carcinoma,  and  also  in  two  mammary  carcinomata  of  the 
mouse  in  the  3rd  Scientific  Report  of  this  Fund.  Quite  recently 
Yamagiwa  and  Ichikawa  have  described  lymph-gland  metastases  in 
tar  tumours  of  the  rabbit's  ear,  and  Fibiger  and  Bang  in  the  tar 
cancers  of  mice.  There  is  nothing  fundamentally  new,  therefore,  in 
the  observations  now  put  on  record.  The  wide  variety  of  growths 
in  which  they  have  occurred  serves  to  em.phasise  the  features  thev 
have  in  common,  and  in  this  way  gives  them  a  general  pathological 
interest. 

The  small  size  of  the  lymph-nodes  in  the  mouse  might  lead  one 
to  expect  that  enlargement  of  them  by  metastatic  growths  would  be 
easily  detected,     The  small  amount  of  lymphoid  tissue  and  the  delicacy 
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o£  the  gland  capsule  have  as  a  consequence  the  rapid  obliteration  of 
the  normal  structure,  so  that  it  is  frequently  impossible  to  be  certain 
that  a  tumour  nodule  even  only  three  millimeters  in  diameter  has 
arisen  in  a  lymph  gland.  The  lymphoid  tissue  is  so  quickly  reduced 
to  a  flattened  meniscus  of  small  round  cells  at  one  part  of  the 
periphery  of  the  growth,  that  it  is  usually  regarded  as  merely  an 
exaggeration  of  the  small  cell  infiltration  which  so  frequently  occurs 
at  the  surface  of  malignant  growths.  The  importance  of  tliis  con- 
sideration is  shown  by  the  features  of  the  metastases  in  the  axillary 
glands  of  mouse  524,  illustrated  in  Figs.  1  &  2.  In  tliis  mouse  a 
chronic  enlargement  of  the  axillary  and  inguinal  lymph  glands  set  in 
three  weeks  after  excision  of  the  primary  mammary  carcinoma,  which 
was  of  the  columnar-celled  papilliferous  cystic  type.  This  form  of 
mammary  carcinoma  in  the  mouse  is  provided  with  a  strongly-developed 
collagenous  stroma,  and  grows  slowly.  This  concurrence  of  slow  growth 
of  the  tumour  cells  and  hypertrophy  of  the  lymphoid  elements  has 
counteracted  the  technical  difficulty  mentioned  above.  Even  in  the 
gland  in  the  right  upper  quadrant  of  the  figure,  small  islands  of 
lymphoid  tissue  are  recognisable  at  several  points  in  the  periphery  of 
the  growth.  The  remaining  three  glands  form  a  graduated  series  down 
to  the  left  lower  one  in  which  two  small  islands  of  carcinoma  lie 
embedded  in  the  enlarged  lymphomatous  mass.  This  area  is  repre- 
sented under  higher  magnification  in  Fig.  2. 

Fio".  3  shows  an  anomalous  examjde  of  metastasis  in  a  lymph-node  of 
the  left  axilla  from  a  primary  mammary  carcinoma,  of  the  same 
histological  type  as  the  preceding,  but  situated  in  the  left  inguinal 
reo-ion.  The  outline  figure  on  the  left  shows  the  mouse  (No.  787)  from 
the  ventral  aspect.  The  normal  distribution  of  the  mammary  glands  is 
indicated  by  the  dotted  lines.  In  addition  to  the  main  mass  of  the 
tumonr,  in  black,  there  was  a  diffuse  carcinomatous  change  in  the  whole 
of  the  left  inguinal  mamma  (stippled).  The  two  small  metastatic 
nodules  in  the  left  axilla  are  shown  under  a  low  power  in  the  right-hand 
part  of  the  figure.  The  anterior,  larger,  nodule  consists  of  two  foci 
closely  opposed,  distending  and  distorting  the  structure  of  the  lymph 
node  in  which  they  lie.  The  posterior  smaller  nodule  has  apparently 
arisen  from  a  carcinomatous  embolus  impacted  in  the  lymphatic  channel 
leading  from  the  groin  to  the  axilla,  along  which  the  mother  cells  of  the 
anterior  nodule  had  passed.  The  mouse  died  the  day  following  an 
attem[)t  to  excise  the  large  inguinal  mass  and  the  surrounding  diseased 


65 

mamma.  The  dissemination  was  therefore  entirely  spontaneous,  but  the 
direction  in  wliich  the  cells  passed  is  unusua],  as  the  two  succeeding 
examples  demonstrate. 

The  primary  growth  responsible  for  the  metastasis,  shown  in  Figs.  4 
&  5,  developed  in  the  groin  in  mouse  138  shortly  after  operative 
removal  of  a  tumour  in  the  right  axilla.  The  inguinal  tumour  grew 
slowly  for  several  months,  and  the  mouse  died  one  month  after  an 
attempt  to  remove  it,  followed  by  rapid  recurrence.  At  the  autopsy 
one  of  the  retro-peritoneal  glands  at  the  brim  of  the  pelvis  was  found 
enlarged  and  opaque.  Fig.  4  shows  its  relations  to  the  uterus,  ureter, 
and  kidney,  and  also  shows  the  small  size  of  the  unaltered  lymphoid 
tissue  remaining.  Fig.  5  gives  the  histological  characters  of  the  growth, 
and  shows  the  effects  of  pressure  on  the  structure  of  the  lymph-node. 

In  Figs.  6  &  7  another  instance  of  metastasis  in  the  same  group  of 
glands  is  represented.  The  uterus  and  ureter  are  seen  at  the  upper 
part  of  the  figure  (Fig.  7),  and  between  and  beneath  them  the  mass  of 
hsemorrhagic  cystic  carcinoma  with  no  vestiges  of  lymphatic  tissue. 
The  naked-eye  appearances  at  autopsy  are  reproduced  in  Fig.  6.  The 
primary  tumour  in  the  right  groin,  close  to  the  vulva,  had  been  removed 
four  months  previously,  and  had  not  recurred. 

The  preceding  examples  of  lymphatic  dissemination  are  all  taken 
from  spontaneous  mammary  carcinomata  of  the  mouse.  The  i-emaining 
illustrations  are  from  animals  bearing  transplanted  tumours.  Fig.  8 
shows  a  flattened  metastasis  in  the  marginal  sinus  of  an  axillary 
lymph-node  from  a  subcutaneous  transplant  of  tumour-strain  G3. 
This  strain  grows  rapidly  in  practically  100  per  cent,  of  young- 
normal  animals,  and  it  is  only  rarely  that  life  is  prolonged  beyond 
one  month.  In  the  animal  from  which  this  gland  was  obtained, 
growth  proceeded  very  slowly,  and  the  mouse  was  killed  62  days 
after  inoculation.  The  whole  nodule  is  only  O'G  mm.  in  its  greatest 
extent.  It  is  not  remarkable,  therefore,  that  metastases  are  not  sus- 
pected or  found  in  mice  in  which  the  tumours  have  grown  at  their 
usual  rate.  Figs.  9  &  10  represent  metastases  from  a  rapidly  growing 
transplanted  polymorphous-celled  sarcoma.  Both  the  mice  from  which 
these  metastases  were  obtained  had  survived  two  or  three  times  as  long- 
as  the  majority  of  animals  successfully  inoculated  with  this  growth. 
Nevertheless  the  metastases  are  extremely  small — in  Fig.  9  less  than  half 
a  millimeter  in  diameter  and  in  Fig.  10  merely  isolated  groups  of  a 
dozen  cells. 
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Fi^s.  11  &  12  are  not  examples  of  lymphatic  dissemination,  but 
are  introduced  here  because  the  same  relation  to  duration  of  growth 
subsists.  The  tumour  is  the  well-known  and  widely  used  spindle-celled 
sarcoma  of  the  rat  propagated  by  Prof.  G.  0.  Jensen,  of  Copenhagen. 
This  sarcoma  grows  rapidly  in  a  high  percentage  of  normal  animals 
(usually  100  per  cent.).  These  figures  illustrate  the  only  case  of  ir.etas- 
tasis  we  have  seen  from  this  tumour.  The  inoculated  subcutaneous 
tumour  grew  exceptionally  slowly  in  this  rat,  which  was  killed  109  days 
after  inoculation.  The  small  spherical  lung  metastasis  is  only  2  mm. 
in  diameter,  and  has  evidently  arisen  by  embolism  of  the  pulmonary 
artery. 

In  all  these  instances  of  metu stasis,  the  most  striking  and  most 
constant  feature  is  the  great  length  of  time  necessary  to  produce 
nodules,  which  are  small  when  compared  with  the  growths  of  less 
age  following  subcutaneous  inoculation.  A  certain  lapse  of  time  is 
apparently  necessary  before  the  tumour  cells  enter  the  blood  or  lymph 
channels,  and  when  they  do,  the  number  of  cells  transported  is 
incomparably  smaller  than  in  the  smallest  grafts  introduced  experimen- 
tall}'.  When  the  animal  at  the  same  time  bears  a  rapidly  growing- 
tumour,  spontaneous  or  transplanted,  death  usually  supervenes  before 
the  metastatic  nodules  have  reached  a  size  visible  to  the  naked  eye, 
even  if  it  has  not  anticipated  their  entrance  into  the  vascular  channels. 
The  lymphatic  vessels  of  the  mouse  are  so  small  and  delicate,  and  so 
easily  occluded,  that  invasion  of  them  by  cancer  cells  is  in  all  probability 
uncommon^  and  this  factor  may  be  in  part  responsible  for  the  small  part; 
lymphatic  disseuiination  plays  in  the  clinical  picture  of  the  disease  in 
small  laboratory  animals. 


PLATE  III. 


Fig.  1. — Four  lymph  glands  from  the  right  axilla  of  mouse  524  :  spontaneous  mammary  carcinoma 

and  lymphoniatous  enlargement  of  superficial  and  deep  lymph-nodes  tliTOUghout  the  body. 

The  mouse  was  under  observation  for  three  months  after  excision  of  the  carcinoma  in  the 

right  axilla.     Lymphatic  enlargement  was  noticed  three  weeks  after  operation,  and  progressed 

slowly,  involving, cervical,  axillary,  and  inguinal  glands. 

Ford  del. 


Fig.  2. — Part  of  left  lower  .^land  in  Fig.  1  from  mouse  524,  at  a  higher  magnification.  The  increase 
in  the  number  of  lymphocytes  has  obliterated  the  normal  structure  of  tlie  lymph-node.  The 
clear  circular  spaces  towards  the  surface  are  occupied  by  large  vacuolated  cells  containing 
protein  crystals. 


Ford  del. 


PLATE  IV 


neons  adeuo-careincma  of  left  marginal  mamma  ^vith  two  metastatic  nodules  in  left  axilla.     The  posteiioi 
in  a  dilated  and  distended  lymi)hatic  vessel.      The  anterior  nodule  consists  of  two  closeh 

•y 


Fig.  .'I— Spont; 

nodule  is  apparently  lying-  

apposed  parts  in  an  axillary  lym|,;li-node.     Norm 
areolar  tis.^ue.      X  15.     Mouse  787 


lal  mammary  acini  and  slightly  dilated  ducts  in  surrounding  loose 
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PLATE  V 


Kidney 


Ovary 

Fallopian 
tube 


Ureter 


Uterus 


- —  Lymph  -node 
'*^'*^*3S?',5?( .'••.•     vvith  metastasis 


'.y . .  Vestiges  of 

lymphatic  tissue 


Fig.  4. — Metastasis  in  retro-peritoneal  lymph-node  at  pelvic  brim :  spontaneous   mammary    tumour 
138.     Diagrammatic  figure  combined  from  several  sections.     X  6. 
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Fig.  5. — Pelvic  brim    lymph-node  from  spontaneous  mammary  adeno-carcinoma  138.     Vestige  of 

lymphatic  tissue  at  lower  iimer  pole  of  node,  infiltrated  and  compressed  by  trabeculse  of  new 

growth.      X  78.  , 
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PLATE  VI. 


Fi(4.  6. — Dissection  of  posterior  part  of  abdomen  of  mouse  520:  spontaneous  carcinoma  of  right 
vulvar  mamma.  A  metastasis  in  one  of  the  glands  at  the  pelvic  brim  has  grown  to  a  large 
siz3,  filling  the  space  between  the  rectum  (beaded)  and  left  uterine  cornu  and  covering  the  left 
ureter.     Cf.  Fig.  7.     Natural  size. 

MlRRAyclel. 


Fig.  7.— Spontaneous  carcinoma  of  mamma  520.  Transverse  section  across  uterus  (upper,  left)  and 
ureter  (upper,  right)  and  large  metastatic  growth  entirely  replacing  the  pelvic  brim  lymph-node. 
6/.  Fig.  6.     x2Q. 
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PLATE  VII. 


;Fig.  8. — Metastasis  in  marginal  sinus  of  axillary  lymph  gland  from  a  subcutaneous  transplanted  tumour  in  right  flank, 
63/84  D.      The  mouse  was  killed  62  days  after  transplantation,  t.  e.  nearly  twice  the  usual  duration  of  life  after 


successful  grafting  of  this  tumour  strain,      x  166. 
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Fig.  9.— Transplanted  polymorphous-celled  sarcoma,  37/86  D.  A  rounded  metastatic  mass  lies  in  the 
of  the  gland  and  infiltrates  the  underlying  lymphoid  tissue  diffusely.  The  mouse  was  killed 
transplantation.      X  87. 


marginal  sinus 
80  days  after 
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PLATE  VIII. 
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Fui.  10. —  Early  stage  of  metastasis  in  an  axillary  lymph  gland  from  a  transplanted  polymorplious-celled  sarcoma, 
37/88  B.  Tlie  mouse  was  killed  74  days  after  transplantation  (average  survival  with  growing  tumours  of  this 
strain  30  days).  Small  masses  of  sarcoma  cells,  in  various  stages  of  mitosis,  lie  free  in  the  sinus  among  lympho- 
cytes and  clotted  lymph,      x  1000. 
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Fjg.  11. — lAing  metastasis  of  Jensen's  Rat  Sarcoma  J.  It.  S./85  A,  killed  109  days  after  transplantation.     The  average 
duration  of  life  after  successful  inoculation  of  this  strain  is  about  one  month.     X  28. 
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PLATE  IX. 


Fig.  12. — Same  preparation  as  Fig-.  11,  Tl.  YIIT.  ;  central  part  nnder  higher  magnification  to  show- 
growth  partially  occluding  a  small  branch  of  the  pulmonary  artery.      X  380. 
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ON     GOLGI'S      APPARATUS      OF     TRANSPLANTABLE 
TUMOUR    CELLS*. 

By  C.  Da  FANO. 

(Physiological  Department  of  King's  College,  University  of  London.) 
(Plates  X.-XXII.) 


Introductory. 


The  demonstration  of  the  presence  of  Golgi's  apparatus  in  almost 
all  normal  cells  with  characteristic  features  in  most  of  them,  made  it 
desirable  to  study  its  occurrence  and  peculiarities  in  cancer  cells.  Tlie 
present  investigation  was  consequently  undertaken  on  the  abundant 
material  of  the  Imperial  Cancer  Research  Fund.  Such  material  can  be 
obtained  quite  fresh,  and  free  from  infection  in  sufficient  amount  as 
required,  and  is  varied  enough  for  instructive  comparison  with  what  we 
already  know  of  the  apparatus  in  normal  and  pathological  conditions. 
Moreover,  no  systematic  research  of  the  sort  appears  to  have  been 
made  as  yet,  the  few  authors  who  were  concerned  with  the  problem 
having  had  resort  to  occasional  material,  and  not  always  successfully. 
Many  questions  arose  during  the  work,  to  answer  which  would  have 
necessitated  greatly  enlarging  the  field  of  the  investigations.  Therefore 
the  present  description  has  been  limited  to  the  results  obtained  by 
the  application  of  certain  methods  to  the  study  of  the  apparatus  in 
transplantable  tumour  cells  of  the  mouse,  rat,  and  guinea-pig. 

Material. 
The  following  malignant  new  growths  were  examined  : — 

Mouse, 
Jensen.     Alveolar  carcinoma. 
Twort.  „  „ 

27         Papillary  cystic  adeno-carcinoma. 

63        Hsemorrhagic  adeno-carcinoma. 

*  Part  of  the  expenditure  incurred  for  carrying  ©ut  the  pre^ent  research  has  been 
defrayed  by  a  grant  made  by  the  Royal  Society. 

All  the  fi<2ures  have  been  drawn,  uuder  my  supervision,  by  Mr.  W.  Pilgrim,  the 
draughtsman  of  the  Imperial  Cancer  Research  Fund. 

G 


72  Papillary  adeno-carcinomo. 

91  Hsemorrhagic  and  cystic  alveolar  carcinoma. 

113  Sliglitly  hfcmorrliagic  alveolar  carcinoma  (glycogen  in  cells). 

155  Fissnre-forming  adeno-carcinoma. 

199  Alveolar  carcinoma. 
206 

630  Squamous  cell  carcinoma. 

1536  Spontaneous  alveolar  and  acinous  adeno-carcinoma. 

37  S  Spindle  cell  sarcoma. 

1030  Polymorphous  cell  sarcoma  ol  vertebral  column. 

Rat. 

Rat  9.      Adeno-carcinoma  with  dense  hyaline  stroma 
J.  R.  S.  Spindle  cell  sarcoma  (Jensen). 
Rat  16.    Fibro-sarcoma. 

Guinea-pig, 
Oavy  4.   Lipo-sarcoma. 

The  histology  and  history  of  the  majority  of  these  tumours  may  be 
found  in  the  4th  Scientific  Report  of  the  Imperial  Cancer  Research 
Fund.  A  description  of  the  transplantable  lipo-sarcoma  of  the  guinea- 
pig  has  been  published  by  J.  A.  Murray  (27).  The  necessary  histo- 
logical details  of  the  new^  growths  not  yet  described  (1536,  1030,  Rat  9) 
will  be  given  in  the  following  sections. 

General  Methods  of  Investigation. 

All  tumours  were  systematically  investigated  by  Golgi's  arsenious 
acid  (17)  and  Cajal's  uranium  nitrate  (3-4)  methods,  as  well  as  by  my 
cobalt  nitrate  modification  of  the  latter  (8).  The  following  details  of 
the  technique  are  important : — 

All  pieces  intended  for  Golgi's  method  are  best  fixed  and  treated 
according  to  the  suggestions  made  by  the  author  in  1908.  The  method 
may  give  excellent  results  if  care  is  taken  to  proceed  in  every  case  by 
tentative  experiments,  in  order  to  establish  the  right  time  at  which  the 
pieces  can  be  successfully  transferred  into  the  silver  nitrate  bath. 
This  can  be  easily  done  by  collecting  many  small  pieces  of  the  tumour 
under  investigation,  and  transferring  some  of  them  into  1  per  cent,  silver 
nitrate  every  hour,  from  the  second  or  third  after  the  beginning  of 
fixation,  and  continuing  up  to  the  eighth  or  tenth  hour.     Once  the  right 
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period  of  fixation  has  been  established  for  a  tumour  strnin,  it  remains 
sufficiently  constant  even  if  new  material  is  collected  from  other 
animals  after  an  interval  of  many  months.  In  one  case  (lipo-sarcoma 
of  the  guinea-pig)  Golgi's  method  was  the  only  successful  one,  both  the 
uranium  nitrate  and  cobalt  nitrate  methods  having  failed  in  spite  of 
repeated  attempts.  I  attribute  this  difference  to  the  fact  that  Golgi's 
fixing  fluid  is  made  up  with  one  third  of  alcohol,  which,  by  dissolving 
at  least  part  of  the  fat  content  of  this  tumour,  may  have  favourably 
influenced  the  subsequent  impregnation. 

(^^ajaPs  method  succeeded  in  most  cases,  but  the  reaction  remained,  as 
a  rule,  limited  to  the  superficial  portions  of  the  pieces  e\en  when  these 
were  rather  small,  and  care  was  taken  to  recut  them  before  reduction 
took  place.  In  the  deeply  situated  layers  of  superficially  well  impreg- 
nated specimens  the  method  often  brought  to  view  groups  of  granules 
which,  by  their  arrangement,  reminded  one  a  little  of  the  a[)paratus  and 
were,  very  likely,  due  to  incomplete  staining,  as  could  be  inferred  either 
from  a  comparison  of  the  specimens  with  others  from  more  superficial 
sections  of  the  same  pieces,  or  with  preparations  made  by  another 
method.  This  fact  was  borne  in  mind  when  considerino-  the 
fragmentation  presented  by  the  apparatus  in  certain  instances,  and 
other  signs  of  cell-degeneration  were  looked  for  before  admitting  that 
such  a  fragmentation  was  really  due  to  regressive  phenomena. 

Most  constant  and  complete  results  were  obtained  by  my  cobalt 
nitrate  method  from  all  tumours  with  the  exception  of  the  lipo-sarcoma 
of  the  guinea-pig,  and,  up  to  a  point,  of  Jensen^s  rat  sarcoma,  from 
which,  in  spite  of  varying  the  time  of  fixation  and  the  strength  of  the 
silver    itrate  bath,  only  patchy  reactions  were  obtained. 

The  most  favourable  moment  for  transferring  relatively  small  pieces 
from  both  the  uranium  nitrate  and  cobalt  nitrate  and  formalin  mixtures 
into  the  silver  bath  was  found  to  be,  for  almost  all  the  tumours 
examined,  the  seventh  or  eighth  hour  of  fixation.  Briefer  periods 
(3-4  hours)  were  resorted  to  when  only  small  fragments  were  available 
and  in  the  case  of  tumour  91.  For  all  the  methods  employed,  fixation 
and  impregnation  took  place  at  roon^  temperature.  For  the  reduction, 
2  per  cent,  hydroquinone  with  G  per  cent,  of  formalin  and  0*5  percent, 
of  anhydrous  sodium  sulphite  was  constantly  used.  All  pieces  were 
embedded  in  paraffin  and  cut  in  series.  Sections  w  ere  toned  by  means 
of  the  slightly  acid  gold  chloride  bath  with  subsequent  fixing  in 
5  per  cent,  sodium  hyposulphite,  usually  employed  for  s[)ecimens  treated 
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by  reduced  silver  methods  (7).  Alum  carmine  was  used  as  a  counter- 
stain,  unless  it  appeared  particularly  desirable  to  have  the  cytophism 
more  deeply  stained  than  the  nuclei.  When  this  was  the  case  a  slightly 
warmed  0*5  per  cent,  solution  either  of  neutral  red  or  of  toluidine  blue 
was  employed.  The  toned  and  fixed  sections  were  stained  for  about 
five  n)inutes,  and  then  differentiated  with  95  per  cent,  alcohol.  Such 
})reparations,  however,  keep  well  only  when  mounted  in  xylol-colo- 
phonium  or  neutral  Canada  balsam. 

On  certain  Results  obtained  by  some  of  the 
foeegoing  methods. 

In  the  well  impregnated  portions  of  almost  all  tumours  treated  by 
the  cobalt  nitrate  process,  and  sometimes  also  in  those  of  pieces  stained 
by  the  uranium  nitrate  method,  other  intracellular  formations,  besides 
the  aj)paratus,  were  rendered  distinctly  and  sometimes  conspicuously 
visible.  As  shown  by  Figs.  3,  4,  19,  27,  and  29,  they  appear  sometimes 
as  small  granules,  niore  often  as  slightly  bent  rods  or  thin  filaments 
provided  with  minute  varicosities.  Tlie  latter  are  frequently  twisted  in 
various  ways,  and  may  cross  each  other  so  as  to  produce  complicated 
interlacements  and,  in  some  instances,  an  apparent  network.  They 
occupy  a  great  part  of  the  cytoplasm  and,  when  filamentous  in 
character,  may  envelop  the  nucleus  like  a  mass  of  entangled  threads. 

That  these  cell  constituents  are  different  from  the  apparatus  with 
which  they  may  be  perhaps  confused  in  imperfectly  impregnated 
specimens,  is  proved  by  the  fact  that  both  structures  are  often  seen 
equally  well  stained  in  the  same  cells.  Their  aspect,  arrangement,  and 
situation  are  such  as  to  justify  the  supposition  that  they  belong  to  the 
category  of  intracellular  formations  for  which  the  general  denomination 
of  chondriosomes  was  proposed  by  Moves  (24),  and  which  are  often  also 
spoken  of  as  mitochondria. 

I  feel  strengthened  in  this  belief  by  the  fact  that  similar  formations 
were  observed  by  Perroncito  (29)  in  the  sperm-cells  of  Paliuiina  vivi- 
para  by  a  very  slight  modification  of  the  arsenious  acid  method,  and 
that  Cajal  (4)  admits  without  reserve  that  his  uranium  nitrate  method 
sometimes  stains  mitochondria  in  normal  tissues,  either  at  the  same  time 
as,  or  independently  from,  the  apparatus.  Moreover,  J.  B.  Gatenby 
(13-14),  in  his  series  of  studies  on  the  cytoplasmic  inclusions  of  the 
germ-cells,  has  recently  shown  that  the  same  holds  good  in  the  case  of 
methods    entirely   different   from    metallic    impregnations.     Lastly,    it 
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should  be  pointed  out  that  in  1909,  Yeratti  (33)  had  seen  in  the  cells  of 
an  adeno-carcinoma  of  the  mouse  well  impreonated  systems  o£  thin  and 
twisted  filaments  which  he  considered  as  similar  to,  if  not  identical 
with,  Meves'  chondriocontes.  As  far  as  one  can  judge  from  drawings, 
they  do  not  s<3em  to  differ  from  the  above-described  intracellular 
formations,  which  I  therefore  propose  to  indicate  briefly  in  what  follows 
as  chondriosomos,  though  recognising  that  definite  conclusions  will  be 
reached  on  this  point  only  nfter  having  compared  the  results  obtained 
by  reduced  silver  processes  with  those  obtainable  in  transplantable 
tumour  cells  by  the  use  of  methods  generally  employed  for  the  demon- 
stration of  chondriosomes. 

The  Potassium  Antimoniate  Method. 

The  impregnation  of  chondriocontes-like  formations  in  tumour  cells 
was  obtained  by  Veratti  by  means  of  a  slight  modification  of  the 
arsenious  acid  method,  which  he  did  not  think  worth  describing.  He 
only  pointed  out  that  by  such  a  modification  both  the  apparatus  and  the 
filaments  were  equally  well  stained,  but  not  together  in  the  same  cells. 
On  account  of  my  great  interest  in  this  observation,  I  thoroughly 
searched  the  literature  of  the  last  ten  years  in  order  to  find  out  whether 
the  modification  had  been  published  later.  My  search  was  unsuccessful, 
but  I  found  in  a  paper  of  Marcora  (23)  a  few  lines  explaining  that 
Veratti's  modification  consisted  in  the  substitution  of  })otassium  pyro- 
antimoniate  for  the  arsenious  acid  in  Golgi's  fixing  formula.  Following 
this  indication,  small  pieces  of  different  tumours  were  fixed  in  a  mixture 
of  equal  volumes  of  1  per  cent,  potassium  antimoniate,  20  per  cent, 
formalin,  and  96  per  cent,  alcohol,  continuing  as  by  Golgi^s  arsenious 
acid  method.  The  results  were  not  such  as  to  warrant  further  attempts 
with  the  same  or  similar  formulae.  Leaving  out  the  alcohol,  which 
seemed  to  have  a  disturbing  influence  on  the  final  reaction,  I  succeeded 
in  elaborating  a  method  which  differs  from  my  cobalt  nitrate  modification 
only  in  regard  to  the  fixing  solution.  This  is  prepared  as  follows  :  — 
Dissolve  by  boiling  1  gram  of  potassium  antimoniate  in  105  c.c.  of  dis- 
tilled water.  Let  the  slightly  milky  solution  thus  obtained  cool  and  add 
15  c.c.  of  formalin.  The  fluid  need  not  be  filtered,  and  keeps  unaltered 
for  months.  Pieces  of  tissues  are  fixed  in  it  at  room  temperature  from 
5  up  to  8  hours  according  to  their  thickness.  After  a  quick  wash  in 
distilled  water  they  are  tranf erred  to  1-5  per  cent,  silver  nitrate  for  36 
to  48  hours,  also  at  room  tem})erature.  The  remainder  of  the  treatment 
is  the  same  as  in  the  methods  mentioned  in  a  foreooins  section 
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I  have  as  yet  little  experience  of  tlie  results  obtainable  by  this  method 
in  normal  tissues,  for  which  it  very  likely  requires  some  modifications, 
particularly  in  regard  to  the  time  of  fixation  and  strength  of  the  sub- 
sequent silver  nitrate  bath  ;  but  I  have  largely  and  successfully  applied 
it  to  the  study  of  malignant  new  growths  of  the  mouse  and  rat.  It 
stains  the  apparatus  and  the  chondriosoines,  the  former  more  distinctly 
than  the  latter,  and  not,  as  a  rule,  together  in  the  same  cells.  It  can 
therefore  be  regarded  as  a  particularly  good  means  of  control  for  all 
cases  in  which  the  apparatus  either  fails  to  impregnate  sharply  enough 
by  other  methods,  or  appears  altered  in  such  a  way  as  to  be  with  difficulty 
differentiated  from  other,  equally  impregnated  intra-cytoplasmic 
structures. 

The  Apparatus  of  certain  Tumour  Cells  considered  in 
relation  to  previous  work. 

An  internal  ai)paratus  in  the  cells  of  a  malignant  new  growth  was 
first  described  by  Moriani  (25-26).  He  investigated  a  human 
carcinoma  of  the  breast  and  its  metastases  in  the  lymph  glands  of  the 
axilla  by  means  of  the  Golgi-Veratti  osmio-bichromic  and  chloro- 
platinic  silver  impregnation  method.  The  examination  of  many  pieces 
of  the  primary  tumour  was  attended  by  negative  results,  but  in  the 
secondary  nodules  some  cells  were  found  well  impregnated  and  showing 
a  more  or  less  complicated  network  formed  by  a  changing  number  of 
variously  shaped  threads,  these  being,  in  addition,  provided  with 
enlargements  which  imparted  to  the  network  a  quite  irregular  aspect. 

The  definitely  perinuclear  arrangement  of  this  apparatus  and  the 
description  Moriani  gives  of  it  leave  no  doubt  about  its  similarity  to 
that  demonstrable  in  neive  cells,  especially  by  Golgi's  rapid  process, 
Golgi-Veratti's  and  Kopsch's  methods,  as  well  as  to  that  seen  by 
Riquier  (30)  in  the  cells  of  the  corpus  luteum.  It  resembles  but 
slightly  that  generally  found  in  epithelia  and  described  b}^  Veratti, 
Lucioni,  Savagnone,  and  Tello  in  malignant  or  benign  new  growths. 

In  the  transplantable  tumours  investigated  by  me  a  similar  type  of 
apparatus  did  not,  as  a  rule,  occur.  In  some  tumours,  however 
(Rat  16,  Cavy  4),  I  succeeded  in  finding  a  few  manifestly  hypertrophic 
mononucleated  cells  provided  with  an  apparatus  of  unusual  aspect  and 
size  (Fig.  1,  A),  the  irregular  threads  of  which  were  sometimes  arranged 
to  form  a  network  enclosing  the  nucleus  as  shown  in  Figs.  1,  B,  and  2, 
the  last  one  of  which  resembles  those  illustrating  Moriani's  paper  {26). 
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Iq  consideration  of  these  facts,  I  am  inclined  to  regard  Moriani's  results 
as  due  to  the  fortuitous  impregnation  of  elements  perhaps  in  a  hyper- 
trophic condition  and  provided  with  an  apparatus  of  a  type  occurring 
only  exceptionally  in  tumour  cells  ;  though,  of  course,  no  definite 
opinion  can  be  expressed  on  this  point  until  human  tumours  are  also 
systematically  examined  by  means  of  different  methods. 

In  more  recent  years  Veratti  (33)  has  investigated  by  means  of  the 
arsenious  acid  method,  t*AO  adeno-carcinomata  of  the  rectum  and  one 
of  the  stomach  ;  three  "cancers''  of  the  mammary  gland,  three  of  the 
lip  and  two  of  the  urinary  bladdet*;  two  spindle  cell  sarcomata  and  one 
polymorphous  cell  sarcoma.  Besides  this  human  material,  he  also 
studied  two  transplantable  adeno-carcinomata  of  the  mouse.  The 
investigation  of  the  cancers  of  the  breast  and  lip  and  of  the  three 
carcinomata  was  attended  by  negative  or  incomplete  results.  Good 
reactions  wore  obtained  from  the  new  growths  of  the  gastro-intestinal 
tube  and  bladder,  but  in  the  less  atypical  elements  the  apparatus 
appeared,  in  regard  to  aspect,  size,  and  situation,  almost  identical 
with  that  of  normal  cells  of  the  same  organs;  and  in  quite  atypical 
elements  '^  it  was  formed  by  coarse^  irregular,  and  often  fragmented 
threads/'  so  that  Veratti  was  not  able  to  decide  whether  this  unusual 
aspect  was  due  to  a  true  alteration  or  to  imperfect  staining.  The 
same  happened  in  the  case  of  the  transplantable  tumours  of  the 
mouse,  as  one  can  also  judge  from  Veratti's  Figs.  1,  2,  and  3,  showing 
a  small  reticular  apparatus  similar,  up  to  a  point,  to  that  in  my 
Figs.  19  and  24.  Veratti  also  noticed  that  in  the  more  adenomatous 
portions  of  these  tumours  the  apparatus  was  situated  with  remarkable 
regularity  in  the  part  of  the  cytoplasm  lying  between  nucleus  and 
lumen  of  the  tubules. 

By  means  of  the  previously  mentioned  modification,  Veratti  observed 
in  one  of  the  human  sarcomata,  in  which  the  impregnation  of  the 
apparatus  had  not  succeeded,  filaments  or  fibrils  different  from  the 
chondriocontes-likes  formations  mentioned  above  and  characterised  by 
a  uniform  thickness  an<l  regular  outline.  The  number  and  length  of 
these  filaments  changed  from  cell  to  cell,  some  taking  a  slightly  curved 
course,  others  forming  a  sort  of  skein;  they  very  seldom  branched,  and 
never  conveyed  the  impression  of  fusing  into  a  network.  Veratti  was 
unable  to  come  to  a  definite  conclusion  as  to  the  nature  of  these 
filaments,  but,  taking  into  account  Meves'  opinion  on  the  possible 
transformation  of  embryonic  chondriosomes  into  fibrils  of  adult  cells. 
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and  that  of  Golowinski  (19)  on  the  origin  of  connective-tissue  fibrils 
from  fibroblasts,  he  felt  justified  in  tliinking  again  of  ^^  a  mor[)hological 
analogy  ''  between  Meves'  chondriocontes  and  his  peculiar  filaments  or 
fibrils,  which  he  proposed  to  consider  "as  the  expression  of  an 
anomalous  fibrogenic  function  surviving  in  some  sarcomatous  elements 
and  manifesting  itself  in  an  atypical  manner." 

These  observations  of  Yeratti  are  not  without  importance  both 
technically  and  histologically.  It  is  rather  interesting  that  intra- 
cellular fibrils  should  stain  by  methods  intended  for  the  demonstration 
of  Golgi's  apparatus  ;  and  if  they  could  have  been  made  to  appear 
with  a  certain  regularity  in  malignant  or  benign  tumours  of  connective- 
tissue  origin,  some  light  might  have  been  thrown  on  the  still  unsolved 
problem  of  the  histogenesis  of  fibres  in  mesodermic  tissues.  Unluckily, 
in  none  of  the  sarcomata  investigated  by  me  did  I  find  similar 
intracellular  formations.  The  only  author  who  appears  to  have  seen 
them  again  within  the  cells  of  a  human  spindle  cell  sarcoma  of  the 
jaw-bone  is  Savagnone,  who  had  resort  to  the  Veratti  modification  of 
Golgi^s  arsenious  acid  method.  As,  however,  this  modification  has 
never  been  fully  described,  it  is  not  possible  to  decide  whether  the 
results  obtained  by  him  and  Veratti  were  due  to  the  method  or  to  the 
quality  of  the  material  used. 

ISavagnone  (31)  also  investigated  a  carcinoma  of  the  mammary  gland 
and  a  giant-cell  sarcoma.  In  the  cells  of  the  breast  carcinoma  he 
found  either  a  small  apparatus  similar  to  that  of  epithelial  cells  in 
general,  or  larger  formations  consisting  of  a  variable  number  of  threads, 
some  of  which  ended  by  twisting  round  the  nucleus.  But  as  far  as  one 
can  judge  from  drawings,  only  some  of  the  latter  structures  resemble 
an  apparatus  ;  others,  like  those  shown  in  his  Figs.  5  and  6,  do  not 
convey  such  an  impression.  The  same  can  be  said  of  the  clumps  of 
convoluted  filaments  seen  by  him  in  the  giant-cell  sarcoma.  He 
himself  appears  to  have  been  doubtful  about  the  nature  of  these  clumps, 
which  bear  little  resemblance  to  the  apparatus  observed  by  Yerson, 
Ramon  y  Fananas,  Maccabruni,  and  Tello  in  giant  cells  of  various 
kinds. 

The  next  important  work  to  be  taken  into  account  here  is  that 
of  Tello,  the  investigations  of  Lucioni  (20)  on  nsevus  cells  having  had  a 
more  or  less  incidental  character,  and  simply  showing  that  they  are 
provided  with  a  small  apparatus  formed  by  fine  filaments  arranged  into 
a  delicate  network,  spherical  or  elliptical  in  shape,  but  not  situated 
between  nucleus  and  free  border  of  the  cytoplasm  as  in  most  epithelial 
cells. 
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Tello  (32)  lias  successfully  applied  the  uranium  nitrate  method  to  the 
study  of  different  epithelial  tumours  of  the  lip,  tongue,  neck,  and 
mammary  ohmd.  In  the  peripheral  portions  of  the  epithelial  strands 
of  three  squamous  cell  carcinomata  he  saw  elements  with  a  well- 
developed  a})paratus  similar  to  that  described  by  Deineka  in  noriiial 
epidermic  cells.  In  deeper  parts  of  the  same  strands  where  kerjitinisa- 
tion  had  begun,  the  apparatus  appeared  to  have  undergone 
fragmentation  in  varying  degree,  until  layers  were  reached  in  which 
the  cytoplasm  of  most  cells  was  beset  with  granules  which  reminded 
one  but  little  of  Golgi^s  apparatus.  The  author,  though  giving  a 
detailed  description  of  this  destructive  process,  seems  to  have  had  some 
doubts  as  to  the  real  nature  of  the  resulting  granular  material,  and 
points  out  that  the  same  cells,  when  examined  by  other  methods,  did 
not  seem  much  altered  in  their  structure. 

Tl'.e  chief  interest  of  these  observations  lies  in  the  fact  that  they  are, 
as  far  as  I  know,  the  only  existing  ones  on  human  keratinising 
epitheliomata.  Somewhat  similar  phenomena  were  observed  by  me  in 
the  squamous  cell  carcinoma  of  the  mouse.  This  tumour  (GoO)  was 
formed  in  sections  by  nodules  of  different  size  and  shape  with  large 
zones  of  keratinis;ition  and  relatively  small  groups  of  irregularly 
arranged  epithelial  cells.  In  the  best  im.pregnated  specimens  of  the 
latter,  particularly  in  cobalt  nitrate  preparations,  besides  well-developed 
chondriosomes,  an  intensely  stained  apparatus  could  be  seen  (Fig.  3). 
This  reminded  one  remotely  of  that  observed  by  Deineka  (11)  in 
normal  stratified  epithelia,  and  generally  consisted  of  relatively  robust 
threads  tightly  arranged  into  a  compact  network  lying  quite  close  to 
the  nuclear  membrane.  Only  in  some  cells  had  this  compactness 
of  arrangement  given  place  to  a  loose  reticulum  spreading  over  a 
great  part  of  the  cytoplasm. 

In  those  parts  of  the  tumour  which  wore  gradually  passing  into  the 
keratinisation  zones,  I  saw,  as  did  Tello,  the  cell  bodies  occupied  by  a 
more  or  less  granular  material,  but  I  remained  under  the  impression 
that  it  was  due  to  a  fragmentation  or  transformation  of  the  chondrio- 
somes rather  than  of  the  apparatus.  As  a  matter  of  fact,  I  was  able  to 
find  many  places  quite  close  to  the  zones  of  complete  keratinisation 
where  both  formations  were  suflficiently  recognisable  in  the  same  cells, 
the  chondriosomes  being  reduced  to  fragments  of  filaments  and  rods, 
the  apparatus  appearing  as  a  darkly  stainable  clnmp  on  one  side  of  the 
surviving  nuclei  (Fig.  4).  Lastly,  in  other  parts,  where  the  nuclei  had 
assumed  a  rod-like  shape,  the  apparatus  also  seemed  to  have  undergone 
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a  similiir  change  to  tliat  observed  by  Deineka  in  the  superficial  layers  of 
stratified  epithelia. 

Of  the  two  adenomata  investigated  by  Tello,  one  consisted  of 
columnar  cells  which  in  the  less  atypical  portions  of  the  tumour  lined 
imperfectly  formed  glnndular  tubules  and  possessed  a  relatively  simple 
apparatus  similar  to  that  of  the  normal  epithelium  of  the  small 
intestine  ;  in  the  more  atypical  parts  this  regular  arrangement  of  the 
cells  and  their  apparatus  was  less  and  less  recognisable,  while  both  of 
them  had  considerably  gained  in  size.  The  other  adenoma  was  a 
benign  tumour  of  the  mammary  gland,  and  consisted,  almost  entirely,  of 
glandular  alveloli  lined  by  racket-shaped  epithelial  cells.  The  widest 
part  of  these  cells  was  turned  towards  the  alveolar  spaces,  and  contained 
an  apparatus  comprising  two  or  three  finely  reticular  portions  situated 
at  the  sides  of  the  nucleus.  In  some  places  the  alveoli  were  lined 
by  cubical  cells  which  also  formed,  here  and  there^  agglomerations 
without  any  glandular  arrangement.  The  apparatus  of  these  elements 
was  noticeablj  hypertrophic  and  sometimes  so  large  as  to  occupy  a 
great  part  of  the  cytoplasm.  Between  the  small  apparatus  of  the 
columnar  epithelium  and  that  of  the  cubical  cells  many  transitional 
forms  were  seen  by  the  author,  according  to  whom  the  hypertrophy  of 
the  apparatus  was  connected  with  the  secretory  activity  of  the  cells  and 
was  followed  by  a  phase  of  disintegration  coinciding  with  the 
accumulation  within  them  of  a  fatty  material. 

These  observations  are  certainly  important,  and  have  been  indirectly 
confirmed  by  Cajal  (4)  who  also  saw  a  certain  degree  of  hypertrophy  of 
the  apparatus  and  its  subsequent  fragmentation  in  connexion  with  the 
functional  activity  of  the  goblet  cells  of  the  small  intestine.  I  have 
myself  described  a  disintegration  of  the  apparatus  after  manifestations 
of  hypertrophy  in  the  nerve  cells  of  the  spinal  cord  of  rats  exposed  to 
cold  (9).  Moreover,  a  succession  of  the  sort  is  quite  in  agreement  with 
well-established  pathological  facts.  But  the  degree  of  hy[)ertrophy 
described  by  Tello  seems  so  remarkable,  and  its  disintegration  so  abrupt 
and  complete,  that  some  further  confirmation  appears  desirable. 

Particular  attention  was  therefore  paid  to  the  adeno-carcinoma  of  the 
rat  (Rat  9),  where  some  similar  phenomena  could  be  observed.  The 
healthy  parts  of  this  tumour,  when  primarily  found  in  the  abdominal 
cavity,  were  formed  by  nodules  and  columns  of  rather  large  epithelial 
cells  contained  within  a  strong:  hvaline  stroma.  In  the  successive 
generations  the  same  characters  were   maintained.      Occasionally  the 
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more  adenomatous  portions  o£  the  tumour  prevailed  over  the  carciuo- 
matous  with  the  consequent  formation  of  very  incomplete  tubules  and 
alveoli  lined  by  a  single  or  double  layer  of  rather  irregularly  shaped 
cells,  some  of  which  had  reached  large  dimensions  and  were  provided 
with  two,  three,  or  even  a  larger  number  of  nuclei  (Fig.  5).  In  some 
places,  particularly  in  recent  generations,  groups  of  cells  could  be 
noticed  which,  though  generally  mononucleated,  a})peared  larger  than 
the  majority  of  the  remaining  ones. 

When  I  first  examined  this  tumour  in  1919,  I  was  impressed  by 
the  fact  that  just  in  the  more  adenomatous  p:irts,  which  were  also 
the  best  impregnated,  the  apparatus  had  no  longer  that  regular 
situation  between  nucleus  and  lumen  of  the  tubules  or  alveoli  which 
is  common  to  most  normal  epithelia  and  so  frequently  reappears  in 
carcinomata,  even  when  the  glandular  spaces  are  merely  virtual. 
It  is  true  that,  as  shown  by  Golgi  (18)  and  D'Agata  (10),  even  in 
physiological  conditions  the  apparatus  may  be  found  displaced 
towards  the  base  of  glandular  epithelia,  and  that  an  observation  of 
the  same  sort  was  made  by  Basile  (1)  in  the  tubules  of  the  remaining 
kidney  after  extirpation  of  the  other.  But  it  seemed  noteworthy  that 
the  same  phenomena  sliould  re-appear  in  the  most  adenomatous  por- 
tions of  a  malignant  growth  of  the  rat,  which,  as  far  as  the  apparatus  is 
concerned,  had  some  points  of  similarity  with  a  human  benign  adenoma. 

Another  interesting  feature  of  the  apparatus  in  this  tumour  (Ivat  9) 
was  its  morphological  aspect — more  of  a  well-delimited  body  than  of 
a  loose  network  formed  by  anastomising  threads.  As  shown  by 
Figs.  6  and  7,  the  sha})e  and  dimensions  of  &uch  a  formation  changed 
from  cell  to  cell,  but  without  much  affecting  its  characteristic 
appearance,  this  being  common  to  most  cells  independently  of  their 
size  and  situation.  In  some  of  them  this  peculiar  ap[)aratus  consisted 
of  two  or  more  portions  frequently  joined  either  by  a  simple  filament 
or  by  a  narrow  bridge,  also  reticular  in  structure  ;  in  others  its 
texture  was  more  compact.  In  the  large  generally  uni-nucleated 
elements  mentioned  above,  the  apparatus  also  had  considerably  gained 
in  size,  and  in  certain  instances  so  much  so  as  to  suff<>est  a  certain 
degree  of  hypertrophy.  This  is  clearly  seen  in  Fig.  8,  particularly  if 
it  is  compared  with  Figs.  6  and  7,  all  of  which  were  drawn  under  the 
same  magnification  though  from  tumours  of  different  generations. 
Fig.  8  also  shows  how,  in  some  of  the  largest  cells,  the  hypertrophic 
apparatus  had  begun  to  undergo  a  disintegrative  process,  characterised 
by  the  loss  of  its  distinctly  reticular  aspect  and   the  breaking  asunder 
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of  its  constituent  parts.  However,  I  was  unable  to  o  )serve,  even  in 
cells  of  this  kind,  a  complete  fragmentation  of  the  apparatus  as 
described  by  Tello  and  Cajal,  save,  of  course,  in  those  cases  in  which 
cytoplasm  and  nucleus  also  showed  unmistakable  signs  of  a  profound 
alteration.  Such  cases  are  frequent  in  tumours,"  but  will  be  best  con- 
sidered from  a  general  point  of  view  in  a  separate  section. 

The  Apparatus  of  Transplantable  Carcinomata  of  the  Mouse. 

Jensen. — Groups  of  healthy  cells  of  this  tumour  are  shown  in 
Figs.  9  and  10,  the  former  having  been  drawn  under  a  lower  power 
than  the  latter  so  as  to  render  as  evident  as  possible  the  characteristic 
aspect  of  the  apparatus  co-existing  in  most  cells  with  variations  in  its 
size,  shape,  and  situation.  Its  position,  however,  was  as  a  rule 
peri-nuclear  or  juxta-nuclear  according  to  the  degree  of  development 
it  had  reached.  Structurally  it  very  seldom  reminded  one  of  a 
fine  network  formed  by  threads  of  varying  thickness,  but  appeared 
to  be  almost  always  buiU  up  of  minor  parts,  ring-  and  loop-like  in 
shape,  which  either  were  fused  into  one  formation  or  irregularly 
scattered  in  the  cytoplasm.  When  this  character  was  very  pronounced 
I  had  some  difficulty  in  discriminating  between  apparatus  and  chondrio- 
somes  which  generally  looked  like  small  argentophile  masses,  sometimes 
also  like  irregular  short  rods.  I  consider  the  ring-like  and  loop-like 
character  of  the  parts,  of  which  the  apparatus  usually  consisted,  as 
typical  of  the  Jensen  mouse  carcinoma.  It  constantly  reappeared  in 
specimens  prepared  by  different  methods  at  different  times,  as  well  as  in 
'*  early  stages  ^'  and  in  the  healthy  cells  of  tumours  undergoing 
absorption. 

Two7't. — In  the  healthy  cells  of  this  tumour  a  small  finely  reticular 
apparatus  was  found.  This  was  regularly  situated  on  one  side  of  the 
nucleus,  and  could  be  easily  distinguished  from  the  granular  chondrio- 
somes  distributed  throughout  the  whole  of  the  cytoplasm. 

Tumours  27  and  72. — These  two  adeno-carcinomata  are  here 
considered  together  because  of  the  great  similarity  in  the  aspect  of  the 
apparatus  with  which  their  cells  were  provided.  This  consisted  of  short 
rods  variously  bent  and  irregularly  shaped,  but  not  clearly  joined  to 
form  a  network.  On  the  contrary,  in  most  cells  they  seemed  independent 
one  of  the  other,  and  simply  collected  in  a  thick  bunch  on  that  side  of 
the  nucleus  which  was  turned  either  towards  a  more  or  less  virtual 
space,  or  towards  the  centre  of  the  nodules  in  part  forming  the  tumours. 
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Fig.  11  shows  this  disposition,  which  imparted  to  both  new  growths,  but 
particularly  to  tumour  27,  a  quite  characteristic  appearance,  especially 
evident  in  sections  seen  under  moderate  magnifications. 

In  some  parts  of  tumour  27,  where  its  nodular  texture  was  not  so 
plain  or  at  the  edges  of  the  nodules,  groups  of  cells  were,  however, 
found,  the  apparatus  of  which  was  formed  by  a  varying  number  of 
reticular  portions,  irregular  in  shape,  size,  and  distribution  (Fig.  12). 
Similar  deviations  from  a  characteristic  type  of  apparatus,  common  to 
most  cells  of  a  given  tumour,  was  frequently  noticed  in  other  growths, 
in  which  they  generally  appeared  connected  with  a  somewhat  different 
aspect  either  of  the  nuclei  or  of  the  whole  cells,  thus  suggesting  that 
they  were  perhaps  due  to  an  adaptation  of  the  apparatus  to  modified 
conditions. 

Tumour  63. — The  structure  of  the  apparatus  observed  in  the  cells  of 
this  oTowth   bore  a  certain   resemblance   to   that  found  in  the  Jensen 
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carcinoma.  Its  aspecl  was,  however,  more  complicated,  while  at  the 
same  time  its  constituent  parts  were  not  of  so  manifestly  ring-like  or 
loop  like  a  shape.  Moreover,  it  was  more  strictly  localised  on  one  side 
of  the  nucleus  and  more  readily  distinguishable  from  the  plainly  granular 
chondriosomes. 

Tumour  199. — The  size  of  the  apparatus  observed  in  most  cells  of 
this  growth  was  about  the  same  as  that  of  the  apparatus  of  tumour  63. 
Structurally  it  resembled,  in  its  compact  character,  that  seen  in  the 
mononucleated  cells  of  Rat  9,  thoiigli  its  threads  were  somewhat  thicker 
and  more  uniform  than  those  forming  the  apparatus  of  Rat  9  (see 
Fig.  13  and  compare  it  with  Fig.  6). 

Tumours  91  ami  206. — The  apparatus  seen  in  the  cells  of  both  these 
growths  can  be  considered  as  a  good  instance  of  the  delicacy  of  the 
reticular  structures  sometimes  revealed  by  reduced  silver  methods. 
Figs.  14  and  15  are  in  this  respect  sufficiently  clear  as  to  render  a 
detailed  description  unnecessary.  They  both  show  how  neatly  differ- 
entiated can  be  the  filaments,  from  the  interlacement  of  which  the 
apparatus  was  formed  in  both  cases.  Between  the  two  there  was  a 
great  likeness,  but  also  a  difference  chiefly  due  to  the  extreme  delicacv 
of  structure  and  minuteness  of  meshes  shown  by  the  apparatus  in  the 
cells  of  carcinoma  206. 

Tumours  113  ami  155. — In  the  cells  of  both  these  two  carcinomata, 
together  with  minute  granular  mitochondria,  a  very  small  juxta-nuclear 
apparatus  became  impregnated  which  resembled  that  seen  in  the  cells  of 
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the  Twort  tumour.  Structurally  there  were  soiue  differences,  the 
apparatus  of  113  appearing  as  due  to  short  convoluted  threads  (Fig.  16); 
tliat  of  155  being  built  up  of  minor  portions  and  thus  reminding  one  of 
the  aspect  observed  in  the  cells  of  the  Jensen  carcinoma. 

Tumour  1536. — The  apparatus  of  tumour  G30  having  been  described 
in  a  foregoing  section,  only  the  adeno-carcinoma  1536  remains  to  be 
considered  in  the  present  one.  As  shown  by  Figs.  17  and  18,  the  cells 
of  this  spontaneous  growth  were  rather  small^  with  oval  nuclei 
embedded  in  a  scanty  cytophism.  They  were  generally  massed  in 
groups,  but  without  distinct  nodular  arrangement;  in  places  they  could 
be  seen  lining  either  small  cystic  cavities  (Fig.  17),  or  what  looked  like 
incomplete  glandular  spaces  (Fig.  18).  The  apparatus  had  everywhere 
a  fine  reticular  structure  resembling,  up  to  a  point,  that  observed  in  the 
case  of  tumour  91.  In  some  cells  this  delicate  network  extended  all 
over  the  protoplasm  enclosing  the  nucleus  in  its  meshes  (Fig.  18)  ; 
in  others  it  was  limited  to  one  of  the  sides  of  the  nucleus,  which,  in  the 
case  of  cells  lining  glandular  spaces,  was  that  turned  towards  the  latter 
(Fig.  18).  The  same  happened  in  cells  limiting  cystic  cavities  where 
the  apparatus  had  taken  on  a  flattened  and  almost  linear  aspect, 
probably  due  to  mechanical  compression  (Fig.  17). 

The  Appakatus  of  Transplantable  Sarcomata  of  the  Mouse, 
Rat,  and  Guinea-Pig. 

Of  the  two  sarcomata  of  the  mouse  I  have  examined,  one  (1030)  will 
be  best  dealt  with  when  considering  the  apparatus  of  giant-cells.  The 
other  (37  S)  was  characterised  by  the  presence  of  a  darkly  staitiable 
though  reticular  apparatus,  generally  situated  on  the  side  of  the  cells 
where  the  cytoplasm  was  most  abundant  (Figs.  19  and  24).  In  s[)ite 
of  the  different  nature  of  the  elements  of  this  tumour,  the  apparatus 
bore  a  marked  resemblance  to  that  observed  by  Veratti  in  the  cells  of 
one  of  the  two  adeno-carcinomata  of  the  mouse  investigated  by  him,  as 
well  as  to  the  apparatus  in  carcinoma  155.  In  cobalt  nitrate  specimens 
of  37  S,  typical  rod-shaped  and  somewhat  varicose  chondriosomes 
became  impregnated  along  with  the  apparatus  (Fig.  19). 

The  two  sarcomata  of  the  rat  differed,  as  regards  the  apparatus,  one 
from  the  other,  and  both  again  from  the  mouse  sarcoma  37  S.  The 
apparatus  of  the  Jensen  rat  sarcoma  (Fig.  20)  was  generally  filamentous 
and  irregular  in  shape,  its  aspect  varying  in  the  main  according  to  the 
form  and  size  of  the  tumour  cells.     In  those  of  a    rather  small  and 
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roundish  ov  oval  type  it  also  was  generally  small  and  closely  paclved 
on  one  side  ot*  the  nucleus ;  in  those  of  a  spindle  shape,  comprising  tlie 
majority  of  the  cells,  the  apparatus  also  frequently  sliowed  a  certain 
tendency  to  take  on  an  elongated  form,  and  part  of  it  often  spread  from 
the  cytoplasm  over  the  nucleus.  This  disposition  was,  however,  far 
from  being  constant,  and  many  elongated  cells  occurred  provided  with 
a  small  apparatus  in  a  manner  s^imilar  to  that  observed  by  Deineka 
(11)  in  spindle-shaped  elements  of  the  normal  connective  tissue.  In 
spite  of  these  manifold  variations  in  aspect,  the  structure  of  the 
apparatus  of  most  cells  of  J.  R.  8.  was  repeatedly  found  to  be  that  of  a 
fine  network  with  minute  meshes  due  to  the  anastomosis  of  the  thin 
filaments  out  of  which  it  was  formed. 

This  fact  increased  the  contrast  with  the  appearance  shown  by  most 
of  the  elements  of  the  fibro-sarcoma  of  the  rat  (Rat  16),  the  apparatus 
of  which  was  characterised  by  a  certain  uniformity  of  aspect  and  slight 
coarseness  of  structure  well  rendered  in  Fig.  21. 

The  apparatus  of  the  lipo-sarcoma  of  the  guinea-pig  had  features 
which  differed  according  to  the  areas  under  examination.  Where 
delicate  strands  of  spindle-shaped  and  stellate  cells  prevailed,  it  was 
rather  small  and  formed  by  short  rods  which,  now  and  then,  fused  into 
a  network  (Fig.  22).  The  general  picture  was  then  not  altogether  dis- 
similar from  that  observed  by  Deineka  in  certain  elements  of  the  normal 
connective  tissue.  In  those  areas  where  fat-cells  predominated,  the 
apparatus  was  of  a  much  more  compact  structure,  and  in  many  of  them 
had  been  pushed  against  the  nucleus  by  accumulating  fat-drops.  Some 
of  these  cells  have  been  drawn  in  Fig.  23,  showing  also  the  changing 
size  and  complexity  of  the  apparatus,  as  well  as  its  flattened  and  broken 
appearance  where  much  fat  had  collected  within  the  cell  membrane. 

The  Apparatus  during  the  Mitotic  Division  of  Tumour  Cells. 

Since  the  time  when  Perroncito  (29)  described  the  phenomena  of 
dictyokinesis,  his  observations  have  on  the  whole  been  confirmed  by  a 
series  of  authors,  and  in  this  country  fully  discussed  by  Gaten])y  (13-14) 
and  Gatenby  and  Woodger  (15-10)  in  whose  paper  the  literature  of  the 
subject  can  be  found.  I  can  therefore  confine  myself  to  pointing  out 
that  also  in  the  cells  of  transplantable  tumours  tlie  breaking-up  of  the 
apparatus  during  mitosis  can  be  followed,  step  by  step,  from  the  earliest 
moments  of  the  prophase  to  almost  the  end  of  the  anaphase,  \\  hen  it  is 
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of  the  daughter  cells.  Transplantable  tumours,  however,  are  not 
always  the  best  material  for  the  study  of  dictyokiuectic  plienomena 
because  cells  often  grow  under  abnormal  nutritive  conditions  or  are 
too  closely  packed  together  for  a  detailed  analysis  of  one  of  their 
cytoplasmic  constituents.  Moreover,  in  a  great  number  of  specimens 
the  fragments  derived  fiom  the  subdivision  of  the  apparatus  seemed  to 
have  altogether  disappeared  from  the  cells  at  a  period  roughly  corres- 
ponding to  the  formation  of  the  equatorial  plate  ;  and  I  was  unable  to 
ascertain  if  this  was  due  to  some  deficiency  of  the  methods  used  or  to  a 
pathological  condition.  Lastly,  it  must  be  added  that,  probably  for 
similar  reasons,  the  rebuilding  of  the  apparatus  in  the  daughter  cells  is 
observed  with  difficulty  in  tumours.  The  earliest  phases  of  its  sub- 
division are  on  the  contrary  easily  recognised. 

As  shown  by  Fig.  24,  a,  at  a  time  in  which  the  contraction  of  the 
nuclear  chromatin  just  begins,  the  apparatus  has  already  lost  its  reticular 
aspect,  and  is  formed  of  rods  which  immediately  afterwards  travel 
towards  the  poles  of  the  cells.  (See  Fig.  24,  h,  and  the  dividing  cell 
of  Fig.  15.)  This  phase  appears  to  coincide  with  the  disappearance  of 
the  nuclear  membrane  and  the  formation  of  the  chromosomes.  As  soon 
as  this  stage  is  reached,  a  further  fragmentation  of  the  apparatus  seems 
to  take  place,  the  resulting  minute  and  irregular  clumps  being  scattered 
through  the  cytoplasm  until  the  daughter  nuclei  begin  to  form  (see 
Fig.  25,  A  to  F,  and  the  dividing  cells  of  Figs.  12,  14,  16,  and  22). 
When  the  cytoplasm  also  begins  to  undergo  division,  each  of  the 
resulting  cells  carries  with  it  some  fragments  of  the  apparatus.  These, 
by  retaking  a  more  rod-shaped  aspect  and  collecting  nearer  the 
daughter  nuclei,  appear  to  rebuild  a  new  apparatus  round  each  of 
them  (Fig.  25,  G). 

This  is  the  ordinary  course  of  events.  Cells  are  sometimes  seen, 
however,  at  a  very  early  phase  of  division  with  a  relatively  large  and 
still  reticular  apparatus  on  one  side  of  the  nucleus  and  a  much  smaller 
and  irregular  one  on  the  other  ;  or  the  chromosomes  being  already 
formed,  fragments  of  the  apparatus  are  distinctly  visible  only  at  one  of 
the  cell  poles.  (Fig.  24,  c  and  d).  Both  phenomena  can  be  frequently 
observed  in  tumours,  but  without  any  apparent  reason,  though  they  mav 
be  connected  with  atypical  forms  of  mitotic  cell  division  which  still 
require  investigation. 
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The  Internal  Apparatus  of  Giant- Cells. 

Binucleated  and  multinucleated  giant-cells  are  a  frequent  occurrence 
in  transplantable  new  growths,  and  attention  was  paid  to  them  in  the 
hope  o£  thus  finding  a  solution  of  some  of  the  questions  connected  with 
Golgi's  apparatus.  A.s  my  observations  were  not  affected  by  the 
different  histogenesis  of  the  tumours  examind,  I  propose  to  consider 
them  from  a  general  point  of  view  in  this  section  in  which  the  results 
obtained  by  other  investigators  can  also  be  usefully  summarised. 

The  most  interesting  instances  of  an  internal  apparatus  in  giant-cells 
were  found  in  the  sarcomata  1030,  Rat  16  and  Cavy  4,  as  well  as  in  the 
adeno-carcinoma  27  ;  but  none  proved  so  suitable  as  Hat  9,  in  which 
detailed  observation  was  rendered  easy  by  the  distinct  adenomatous 
character  of  some  of  the  tumour  areas  and  by  the  fact,  previously 
pointed  out,  that  giant-cells  could  be  seen  lining  incomplete  glan- 
dular tubules,  and  consequently  in  no  way  hidden  by  neighbouring 
elements. 

Some  examples  of  such  cells  are  given  in  Figs.  7  and  26  drawn  from 
the  same  section  as  Fig.  6  under  the  same  maonification. 

In  Fig.  7,  binucleated  cells  are  seen,  the  apparatus  of  which  was 
found,  either  lying  between  the  two  nuclei  or  stretched  on  one  side  of 
them,  from  end  to  end  of  the  common  cytoplasm.  In  the  same  Fig.  7 
a  cell  can  be  noticed  of  which  it  would  be  difficult  to  ^ay  if  it  be  mono- 
or  binucleated  ;  a  similar  impression  is  conveyed  by  a  cell  shown  in 
Fig.  6,  in  which  it  was  left  doubtful  whether  it  was  provided  with  one 
or  four  nuclei.  Cells  of  this  sort  were  rather  frequent  in  Rat  9  tumour, 
but  even  after  examination  under  high  magnifications  I  was  not  able  to 
form  a  definite  opinion  in  regard  to  the  significance  of  the  thin  lines 
visible  on  the  surface  of  what  looked  like  one  nucleus,  and  to  which  the 
impression  above  mentioned  was  due.  I  am,  however,  inclined  to  think 
that  such  cells  really  did  not  possess  more  than  one  nucleus,  leaving  at 
the  same  time  undecided  whether  the  lines  were  produced  by  a  shrink- 
age of  the  nuclear  membrane,  or  if  they  indicated  cleavages  along 
which  the  nucleus  could  have  split  into  two  or  more  nuclei  at  a  subse- 
quent stage.  It  is  important  to  add  here  that  in  such  cells  only  one 
relatively  small  apparatus  could  be  seen,  and  this  was  clearly  confined 
to  one  or  the  other  pole. 

Also  in  the  multinucleated  cells  shown  in  Fig.  2ij  only  one  apparatus 
was  noticed  lying  between  the  nuclei  where  the  common  cytoplasm  was 
most  abundant.     The  size   and  general   aspect  of  such  an  apparatus 
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changed  a  little  from  cell  to  cell,  but  the  structural  type  previously 
described  for  this  tumour  was  strikingly  maintained. 

Besides  the  binucleated  cells  shown  in  Fig.  7,  another  example  can 
be  seen  in  each  of  the  Figs.  11  (Tumour  27)  and  14  (Tumour  91). 
Though  the  size  of  these  cells  was  not  much  above  that  of  most 
elements  of  the  same  tumours,  the  existence  in  each  case  of  only  one 
common  apparatus  was  quite  plain.  A  much  larger  binucleated  cell 
can  be  observed  in  Fig.  12,  also  drawn  from  a  specimen  of  tumour  27 
and  which  I  considered  as  particularly  interesting  from  a  double  point 
of  view  :  (I)  reappearance,  though  in  an  exaggerated  manner  of  the 
same  structural  type  characteristic  of  most  cells  of  this  growth  ;  (2) 
penetration  of  the  apparatus  into  the  deepest  and  most  central  portions 
of  the  cytoplasm,  as  I  was  able  to  ascertain  by  folloAving  the  same  cell 
through  successive  sections. 

Many  instructive  instances  of  binucleated  and  multinucleated  cells 
were  found  in  tumour  1030.  Particularly  when  I  first  examined  this 
interesting  sarcoma  of  the  mouse  its  polymorphism  was  really  striking. 
Round,  oval,  elongated,  spindle-shaped  cells  varying  greatly  in  size 
could  be  observed  either  irregularly  mixed  together  or  forming  groups 
in  which  one  or  the  other  type  predominated.  In  some  small  areas 
giant-cells  of  really  extraordinary  dimensions  occurred,  and  the  general 
picture  then  recalled  that  of  certain  human  sarcomata  of  the  bones. 

The  apparatus  was  generally  characterised  by  a  corresponding  degree 
of  polymorphism.  In  the  small  cells  it  bore  a  marked  resemblance  to 
that  of  wandering  cells  and  other  connective-tissue  elements  belonging 
to  the  stroma  of  most  tumours,  as  shown  for  instance  in  a  part  of  Fig.  32. 
In  larger  elements  striking  differences  in  the  aspect  and  size  of  the 
apparatus  were  noticed.  In  some  cells,  particularly  when  round  or 
oval,  it  had  a  roundeil  shape  and  a  finely  reticular  structure  ;  in  others 
it  appeared  more  filamentous  in  character,  the  filaments  varying  in 
number,  arrangement,  and  situation,  so  that  the  picture  sometimes 
recalled  that  observed  in  Rat  16,  sometimes  that  described  in  the  case 
of  J.  R.  S.  In  yet  other  cells  it  had  a  more  compact  aspect,  similar  to 
that  of  an  irregularly  fenestrated  body.  An  idea  of  these  variations  is 
conveyed  by  Fig.  27,  in  which  the  peculiar  chondriosomes  of  these 
tumours  cells  are  also  shown. 

In  Fig.  27  also  a  relatively  large  cell  is  seen  provided  with  three 
nuclei  and  one  roundish  apparatus.  Cecils  of  this  sort  with  a  greater 
or  smaller  number  of  nuclei  were  rather  frequent  particularly  adjacent 
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to  tiiid  within  tbo  areas  in  which  giant-cells  were  numerous;  but  their 
apparatus  did  not  exliibit  any  peculiarity,  and  apart  from  its  size,  it  was 
ahnost  identical  with  that  of  smaller  mononucleated  elements  of  round 
or  oval  shnpe.  Now  and  then  binucleated  giant-cells  occurred  which 
possessed  a  double  apparatus  consisting  of  two  principal  portions  in- 
completely connected  by  a  few  threads  stretched  between  them.  A 
cell  of  this  kind  is  shown  in  Fio^.  27. 

A  somewhat  similar  observation  was  made  here  and  there  in  other 
tumours,  but  not  of  so  convincing  a  nature,  and  doubts  arose  as  to  the 
true  significance  of  such  appearances.  Indeed,  even  on  examination 
with  high  magnification  I  was  unable  to  decide  whether  they  really 
were  cases  of  binucleated  cells  with  a  double  apparatus  or  of  elements 
closely  superimposed.  In  a  few  instances  the  picture  was  that  of  two 
cells  on  the  point  of  fusing  into  one,  and  such  an  impression  was 
rendered  more  vivid  by  the  fact,  shown  in  a  part  of  Fig.  6,  that  the 
apparatus  of  one  of  them  looked  like  a  system  of  threads  stretched  in 
the  direction  of  the  other. 

To  complete  this  description  a  few  words  should  be  added  in  regard 
to  the  multinucleated  cells  of  tumour  1030  and  to  certain  appearances 
noticed  in  tumour  630.  As  to  the  former,  it  is  sufficient  to  point  out 
here  that  my  expectation  of  finding  in  them  a  proportionately  large  and 
complicated  apparatus  did  not  materalise,  and  I  was  only  able  to  detect  the 
traces  of  one  of  those  destructive  processes  which  are  to  be  next  con- 
sidered. No  giant-cells  of  the  usual  type  were  found  in  the  squamous- 
celi  carcinoma  630,  but  minute  nodules  generally  situated  in  the  centre 
of  the  keratinisation  areas.  As  shown  in  Flo-.  2S,  these  nodules  were 
sometimes  provided  with  one  connnon  and  variously  shaped  apparatus, 
surviving  in  sj)ite  of  the  already  advanced  stage  of  keratinisation  of  the 
three  or  four  cells  to  the  apparent  fusion  of  which  the  nodules  were 
due. 

The  above  observations  are  on  the  whole  in  aofreement  with  our 
present  state  of  knowledge  of  Golgi's  jjpparatus  in  normal  and  patho- 
logical conditions.  Thus  Deineka  (11)  has  described  a  centrally 
situated  and  well-developed  apparatus  in  rather  large  binucleated  cells 
of  the  normal  subcutaneous  tissue;  whilst  Maccabruni  (21)  had 
succeeded  in  staining  it  in  megacaryocytes  of  the  spleen  and  bone- 
marrow.  He  found  that  its  aspect  changed  from  that  of  a  variously 
bent  filament  to  that  of  a  greatly  complicated  reticular  formation 
occupying  those  portoins  of  the  cells  where  the  cytoplasm  was  more 


abundant.  In  many  cases  this  apparatus  consisted  oE  a  variable 
number  oE  peripherally  situated  and  detached  parts,  but  the  author  was 
unable  to  decide  whether  or  not  this  appearance  was  due  to  incomplete 
impregnation  o£  the  uniting  threads.  It  should  be  added  that  Verson's 
investigations  on  the  apparatus  of  tuberculous  giant-cells  had  given 
almost  identical  results  (34). 

An  internal  apparatus  in  the  giant-cells  of  a  human  epithelioma  of 
the  tongue  has  been  observed  by  Tello  (32).  In  moderately  sized  cells 
it  was  formed  of  rather  coarse  argentophile  clumps  or  varicosities 
joined  by  thin  threads.  In  the  cells  which  had  grown  much  larger 
and  looked  older  than  those  of  smaller  dimensions  the  uniting  threads 
had  altogether  disappeared,  the  varicosities  alone  remaining  irregularly 
scattered  through  the  cytoplasm. 

The  last  point  to  be  considered  here  regards  the  mode  of  formation 
of  the  apparatus  in  giant-cells.  A  definite  opinion  on  this  subject 
cannot  be  expressed,  since  the  question  of  the  histogenesis  of  the  latter 
has  never  been  conclusively  solved  and  its  further  discussion  is  outside 
the  province  of  this  paper.  It  can,  however,  be  pointed  out  that  some 
of  the  facts  previously  described  are  in  favour  of  the  view  that  giant- 
cells  can  originate  in  tumours  through  processes  both  of  cell  fusion  and 
amitotic  nuclear  division.  If  this  is  admitted  one  will  agree  that  the 
apparatus  of  giant-cells  may,  at  least  in  tumours,  originate  sometimes 
through  fusion  of  the  apparatus  of  mononucleated  elements,  sometimes 
through  hypertrophy  of  the  pre-existing  apparatus  of  cells  the  nucleus 
of  which  has  nndeigone  division. 

Once  this  preliminary  phase  has  been  accomplished,  a  further  elabo- 
ration apparently  takes  place,  leading  to  the  complete  development  of 
the  well  individualised  and  centrally  situated  apparatus  of  fully  formed 
multinucleated  elements.  This  conclusion  also  is  strictly  based  on  many 
of  the  foregoing  observations,  and  at  the  same  time  renders  them  intel- 
ligible. It  entirely  agrees  with  the  results  obtained  by  other  authors 
from  different  normal  or  pathological  materials.  It  is  in  accordance 
with  a  similar  opinion  expressed  by  Tello  (32)  after  investigating  the 
apparatus  of  giant-cells  experimentally  produced  by  means  of  sub- 
cutaneous and  intraperitoneal  injections  of  kieselguhr. 

Disintegrative  Phenomena. 

The  apparatus  of  hypertrophic  mononucleated  cells,  and  more  often 
that  of  multinucleated  oiant-cells,  after  havinor  reached  a  certain  size 
and  great  complexity  of   structure^  appears  to  undergo  degenerative 
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changes  leading  to  its  more  or  less  complete  destruction.  This  is,  at 
least,  the  only  deduction  I  am  able  to  make  from  "my  observations  on 
the  giant-cells  of  tumour  1030  and  on  elements  of  a  similar  kind 
found  in  other  tumours  (Rat  9,  Hat  IG,  Cavy  4). 

In  regard  to  the  giant-cells  of  tumour  1030,  it  should  be  pointed  out 
that  their  nuclei  were  their  most  interesting  feature.  These  stood 
out  conspicuously  in  some  cells,  not  only  for  their  size  and  number,  but 
also  for  having  entered  initial  phases  of  mitotic  division  (Fig.  29), 
which,  in  most  cases,  however,  seem  to  have  stopped  at  the  contraction 
of  the  chromatin,  a  distinct  formation  of  chromosomes  and  their 
arrangement  into  an  equatorial  plate  being  visible  only  in  a  few  of  the 
smaller  giant-cells.  Other  giant-cells  could  hardly  be  said  to  possess 
a  nucleus  in  the  sense  generally  given  to  this  term_,  since  their  cytoplasm 
was  in  great  part  occupied  by  a  huge  irregular  mass  of  nuclear  matter 
in  which  faint  traces  of  a  large  number  of  nuclei  could  be  recognised 
(Fig.  30). 

In  most  of  these  cells  no  sign  of  apparatus  could  be  detected.  Only 
in  a  few  instances  of  those  belonging  to  the  type  first  described, 
irregular  pieces  of  an  obviously  reticular  formation  could  be  seen 
scattered  amongst  the  nuclei  with  appearances  similar  to  that  shown  in 
Fig.  29 ;  whereas  in  the  cells  provided  with  one  more  or  less  compact 
mass  of  nuclear  matter,  minute  argentophile  clumps  were  sometimes 
seen  where  the  faint  traces  of  smaller  nuclei  could  be  recognised 
(P^ig.  30).  The  suggestion  is  here  put  forward  that  these  minute 
fragments  were  all  that  remained  of  the  apparatus  of  cells  lo  the  fusion 
of  which  some  at  least  of  the  giant-cells  were  possibly  due. 

In  the  surviving  cytoplasmic  portions  of  these  giant-cells  convoluted 
masses  of  fine  filaments  were  visible  either  tightly  interlaced  or 
arranged  in  an  apparent  network  (Fig.  30).  Particularly  when  seen 
under  moderate  nuignification  they  might  easily  have  been  mistaken 
for  remains  of  a  greatly  altered  apparatus.  Further  examination  led 
me  to  consider  them  as  chondriosomes.  As  a  matter  of  fact,  such 
filaments  were  altogether  too  thin  to  be  those  of  an  apparatus  ;  and,  on 
the  other  hand,  a  reticular  arrangement  of  chondiiosomes  has  been 
observed  even  in  normal  tissues  and  by  methods  which  do  not  stain 
the  apparatus.  Moreover,  the  varicose  aspect  of  the  single  filaments 
did  not  essentially  ditt'er  from  that  of  similar  threads  visible  in  addition 
to  the  apparatus  in  other  cells  of  the  same  tumour  both  of  ordinary 
size  (Fig.  27)  and  in  giant-cells  (Fig.  29).  Lastly,  a  similar  con- 
vergence and  fusion  of  nn'tochrondria  have  been  described  by  Murray 
(27)  in  the  giant-cells  of  the  sarconui  of  the  guinea-pig. 
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Also  in  hyperfcrophied  and  in  giant-cells  of  other  tumours  (Rat  1(), 
Cavy  4)  the  apparatus  was  often  found  reduced  to  small  accunmlations 
of  minute  rods  and  granules,  generally  situated  close  to  the  nucleus  or 
group  of  nuclei.  Instances  of  this  are  the  cells  in  A,  B,  and  0  of  Fig.  31, 
whilst  in  the  other  two  elements  shown  in  D  of  the  same  drJiwing  a 
more  advanced  stage  of  caryorrhexis  can  be  noticed  accompanied  by  the 
complete  disappearance  of  any  recognisable  trace  of  the  apparatus. 

Cells  of  this  sort  occur,  of  course,  in  very  great  number  in  the  areas 
of  necrosis  common,  in  varying  degree,  to  all  tumours.  Nevertheless, 
a  distinction  was  frequently  possible  between  cells  in  a  complete  state 
of  necrobiosis  and  those  nearer  to  healthy  areas.  In  such  cells  strongly 
argentophile  and  often  reticular  remains  of  the  apparatus  were  still 
distinguishable  from  the  pycnotic  and  fragmented  nuclei.  This  is  shown 
in  Fig.  32,  where  a  larger  group  of  cells  can  also  be  seen  undergoing  a 
different  form  of  degeneration.  The  change  was  characterised  by 
phenomena  of  vacuolisation  and  liquefaction  affecting  chiefly  the 
cytoplasm  and  only  in  a  notably  less  degree  the  nuclei.  Degenerative 
changes  of  this  sort  are  perhaps  as  frequent  in  tumours  as  ordinary 
processes  of  necrosis,  but  they  are  rather  interesting  as  they  do  not 
imply  a  total  destruction  of  the  apparatus.  This,  though  altered,  still 
persists  on  one  or  the  other  side  of  the  surviving  nuclei  with  features 
not  unlike  those  it  possesses  in  the  healthy  cells  of  the  same  tumours 
(cf.  Fig.  32  with  Fig.  14). 

The  different  examples  described  appear  all  to  point  to  the  conclusion 
that  the  apparatus,  like  other  cell  constituents,  may  undergo  disinte- 
grative processes  leading  to  its  complete  destruction.  This  conclusion 
is  on  the  whole  in  agreement  with  those  reached  by  Marcora  {22), 
Battistessa  (2),  Bamon  y  Faiianas  (12),  Bamon  y  Cajal  (4),  and 
Penfield  (28)  after  investigating  the  apparatus  in  different  pathological 
conditions.  But  as  a  result  of  the  above  observations  I  must  add  that 
such  disintegrative  processes  appear  to  be  always  strictl}^  connected 
with  degenerative  changes  either  of  the  cytoplasm  or  of  the  nucleus,  or 
of  both.  This  connection  may  occasionally  be  less  apparent  in  hyper- 
trophic and  multinucleated  elements,  but  careful  observation  will  usually 
detect  unmistakable  sions  of  cell  deoeneration,  such  as  vacuolisation 
of  the  protoplasm,  nuclear  pycnosis,  or  accumulations  of  fatty  materials. 
Among  them  hypertrophy  itself  and  an  altered  equilibrium  between 
nucleus  and  cytoplasm  should  be  included  particularly  when  so  con- 
spicuous or  so  plain  as  in  the  giant-cells  of  tumour  1030. 
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General  Considerations. 

Apart  from  the  fact  that  the  presence  of  Golgi's  apparatus  was 
found  to  be  a  constant  feature  of  the  liealthy  cells  of  all  tumours 
examined,  the  most  important  outcome  of  this  research  consists,  perhaps, 
in  the  characteristic  aspect  with  which  it  appears  in  almost  each  of 
them.  While  this  peculiarity  of  appearance  is  certainly  contained 
within  certain  limits,  it  mioht  be  a  matter  of  further  discussion  to 
determine  how  far  it  is  iiifluenced  by  the  size,  shape,  origin,  rate  of 
growth,  nutritive  conditions,  and  other  biological  manifestations  of 
transplantable  tumour  cells.  Ikit  this  does  not  essentially  affect  the 
fact  ascertained  through  a  systematic  investigation  carried  out  by  means 
of  different  methods  on  suitable  material. 

The  characteristic  aspect  of  the  apparatus  of  most  tumours  was 
repeatedly  observed  when  re-examined  after  many  months  up  to  two 
years,  and  even  when  through  successive  regrafting  the  general  picture 
of  certain  growths  had  somewhat  changed.  It  often  reappears  when  the 
cells  and  their  a[){)aratus  have  become  hypertrophic  or  have  undergone 
partial  degeneration.  All  this  amply  justifies  the  inference  that  the 
structural  type  is  not  the  result  of  some  coagulating  action  of  fixing 
reagents  and  still  less  of  an  entirely  hypothetical  capriciousness  of  the 
silver  impregnation,  but  the  expression  of  a  mode  of  being  in  the  living- 
cells,  the  cause  of  which  is  at  present  beyond  our  means  of  investigation. 

Another  point  to  be  enii)hasised  here  is  the  similarity  of  structure 
and  situation  found  between  the  apparatus  of  tumour  cells  and  that  of 
normal  or  pathological  tissue  elements  as  described  by  other  authors. 
This,  together  with  the  facts  pointed  out  above,  proves  once  more  that 
the  transplantable  tumours  of  small  laboiatory  animals  do  not  essentially 
differ  from  human  malignant  and  benign  new  growths,  and  strengthens 
the  belief  formerly  expressed  (5)  that  tumour  cells  are  in  every  way 
similar  to  those  forming  normal  tissues,  but  for  their  increased  power  of 
multi})lication  no  longer  controlled  by  the  laws  which  appear  to  regulate 
the  growth  of  cells  under  ordinary  conditions. 

Lastly,  throughout  the  present  investigations  it  has  been  repeatedly 
observed  that  the  apparatus  entirely  differs  from  other  cell  constituents 
generally  known  as  chondriosomes  ;  that  it  breaks  up  into  fragments 
during  mitotic  division  and  is  rebuilt  from  them  in  the  daughter  cells. 
It  grows  larger  in  hypertroj)hying  elements  and  may  acquire  an 
individuality  of  its  own  in  giant-cells.  It  undergoes  various  disinte- 
grative processes  during  altered  life  conditions  either  of  the  nucleus  or 
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of  the  cytoplasm,  or  of  both.  It  cannot,  therefore,  have  anytliing  in 
common  with  a  fixed  system  of  canaliculi,  but  it  must  be  considered  as 
a  minute  cell  organ  the  function  of  which  has  not  been  as  yet 
ascertained. 

References. 

1.  Basile,  G. — "  Sulle  moditicazioni  dell'  apparato  reticolare  interno  di  Golgi  nel- 

I'epitelio  reiiale  di  animali  nefrectomizzati."  Intern.  Monatsclir.  f.  Anal.  u. 
Physiol.  ]914,  xxxi.  p.  1. 

2.  Battistessa,  p. — "  Sulle  alterazioni  dell'  apparato  reticolare  interno  delle  cellule 

nervose  dei  gangli  spinali  in  seguito  ad  avvelenamento  da  piombo  e 
stricnina."     Riv.  Hal.  Neuropat.  1911-12,  iv.  p.  345. 

3.  Cajal,  R.   S, — "Formula  de  fijacion  para  la  demonstracion   facil  del  aparato 

reticolar  de  Golgi  y  apuntes  sobre  la  disposicion  de  dicho  aparato  en  la 
retina,  en  los  nervios  y  algunos  estados  patologicos."  Trab.  Lab.  Invest. 
Biol.  Madrid,  1912,  x.  p.  209. 

4.  Do.       "  Alcunas  variaciones  fisiologicas  y  patologicas  del  aparato  reticolar  de 

Golgi."     Ibid.  1914,  xii.  p.  227. 

5.  Da  Fang,  C. — "  Stato  attuale  del!a  questione  del  cancro."     Tipografia  Coopera- 

tiva  Pavia,  1910. 

6.  Do.       "  Method  for  the  Demonstration  of  Golgi's  Internal  Apparatus."    Proc. 

Phys.  Soc.  Journ.  Physiol.  1920,  liii.  p.  xcii. 

7.  Do.       "  On  the  so-called  Toning  of  Sections  stained  by  my  modification  of  the 

Bielschowsky  Method  and  by  other  reduced  Silver  Methods."  Ihid.  1920, 
liii.  p.  xcvi. 

8.  Do.       ^'  Method  for  the  Demonstration  of  the  Golgi  Apparatus  in  Nervous  and 

other  Tissues."     Journ.  Pt.  Micr.Soc.  1920,  p.  157. 

9.  Do.       "  Changes   of  Golgi's  Apparatus   in  Nerve-cells  of  the  Spinal  Chord 

following  exposure  to  Cold."    Journ.  Nerv.  &  Ment.  Dis.  1921,  liii.  p.  533. 

10.  D'Agata,  G. — "  Sur  les  modifications  de  I'appareil  reticulaire  interne  dans  I'epithe- 

lium  de  la  muqueuse  gastrique."     Arch,  Ital.  Biol,  1910,  liv.  p.  425. 

11.  Deineka,  D. — "  Das  Netzapparat  von  Golgi  in  einigen  Epithel-  u.  Bindegewebs- 

zellen  wahrend  der  Ruhe  und  Teilung  derselben."  Anat.  Anz.  1921,  xli. 
p.  289. 

12.  Fa  NAN  AS,  J.  II. — ''  Alteraciones  del  aparato  reticular  de  Golgi  en  las  celulas 

gigantes  y  otros  elementos  del  tuberculo."  Trab.  Lab.  Invest.  Biol. 
Madrid,  1913,  xi.  p.  119. 

13.  Gatenby,  J.  B. — '*  The  Identification  of  Intracellular  Structures."    Journ.  R. 

Micr.  Soc.  1919,  p.  93. 

14.  Do.       "The    Cytoplasmic  Inclusions   of   the  Germ-cells." — Part  IV.  Quart. 

Journ.  Micr.  Science,  1919,  Ixiii.  p.  401.  Part  V.  Ihid.  p.  445. 
Part  VII.  Ihid.  1920,  Ixiv.  p.  267. 

15.  Gatenby,  J.  B.,  and  Woodger,   J.  H. — '^  On  the  Relationship  between  the 

formation  of  Yolk  and  the  Mitochondria  and  Golgi  Apparatus  during 
Oogenesis."     Journ.  R.  Micr.  Soc.  1920,  p.  139. 


91 

16.  Gatknby,  J.  13.,  find  Woodqkr,  J.  H.— «^The  Cytoplasmic  Inclusions  of  the 

Germ-eellp. — Part  IX.  On  the  Origin  of  the  Golgi  Apparatus  on  the 
Middle-piece  of  the  Ripe  Sperm  of  Cavia,  and  the  Development  of  the 
Acrosome."     Quart,  Journ.  Micr.Science,  1921,  Ixv.  p.  165. 

17.  GoLGT,  C. — "  Une  mt^thode  pour  la  prompte  et  facile  demonstration  de  I'appareil 

reticulaire  interne  des  cellules  nerveuses."  Arch.  Ital.  Biol.  1908,  xlix. 
p.  209. 

18.  Do.       '' Di   una  miiuita  particolarita  di  struttura  dell'  epitelio  della  mucosa 

gastrica  ed  intestinale  di  alcuni  vertebrati."  Arch.  Scienze  Med.  1909, 
xxxiii.  p.  1. 

19.  GoLO^vixsKi,  J, — "■  Zur  Kenntniss  der  Ilistogenese  der  Bindege-websfibrillen." 

Anat.  Ilefte,  Abth.  i.  1907,  xxxiii.  p.  205. 

20.  LuciONi,   C— "Contributo    alio  studio  dei  Nevi  molli."      Arch.  Scienze  Med. 

1909,  xxxiii.  p.  447. 

21.  Maccabrunt,  F. — '' Sulhx  fine  struttura  dei  megacariociti."     Boll,  d,  Soc.  med. 

chir.  di  Pa\ia,  1909,  xxiii.  p.  67. 

22.  MabcorAjF. — "  Sur  les  alterations  de  I'appareil  reticulaire  interne  des  cellnles 

nerveuses  motrices,  cousecutives  a  des  lesions  des  nerfs."     Arch.  Ital.  Biol. 

1910,  liii.  p.  346. 

23.  Do.       "  Ueber    die   Ilistogenese    des    Zentralnervensystems   mit    besonderer 

Eiicksicht  auf  die  innere  Struktur  der  Nervenelemente."  Folia  Neuro- 
Biol.  1911,  V.  p.  928. 

24.  Meves,  F. — ''Die  Chondriosonien  als  Trager  eiblicher  Anlagen.     Cytologi^che 

Studien  am  Hiihnerenjbryo."     Arch.  mikr.  Anat.  1908,  Ixxii.  p.  816. 

25.  Moeiani,  G.— '•  Di  un  apparato  reticolare  entro  alcime  cellule  cancerigne."     Atti 

d.  r.  Ace.  Fisiocr.  di  Siena,  1901,  xiii.  p.  186. 

26.  Do.       "Ueber  ein  Binnennetz    der  Krebszellen."      Ziegler's  Beitriige,  19G4, 

XXXV.  p.  629. 

27.  Mukray,  J.  A.—"  A  Transplantable  Sarcoma  of  the  Guinea-Pig."     Journ.  Path. 

&  Bact.  1906,  xx.p.260. 

28.  Penfield,  W.  G. — "  Alterations  of  the  Golgi  Apparatus  in  Nerve-cells."'    Brain, 

1920,  xliii.  p.  290. 

29.  Perroncito,  A. — "Contributo  alio  studio  della  biologia  cellulare.     Mitocondri, 

cromidii  ed  apparato  reticolare  interne  nelle  cellule  spermatiche.  II 
fenomeno  della  dittocinesi."  Mem.  d.  r.  Ace.  Lincei  di  Eoma,  1910,  viii. 
p.  6. 

30.  RiQUiEK,  C. — "  L'apparato  reticolare  interno  nelle  cellule  del  corpoluteo."     IVdl. 

d.  Soc.  med.  chir.  di  Pavia,  1909,  xxiii.  p.  177. 
81.  Savagnone,  E. — "  Sur  le  reseau  interne  de  Golgi  dans  les  cellules  des  tnmeurs." 
Arch.  Ital.  Biol.  1910,  liii.  p.  1. 

32.  Tello,  F. — "  El  veticulo  de  Golgi  en  las  celulas  de  algunos  tumores  y  en  las 

del  granuloma  experimental  prodncido  por  el  kieselgur."  Trab.  Lab. 
Invest.  Biol.  Madrid,  1913,  xi.  p.  145. 

33.  Yeratti,  E. — '^  Sulla  fine  struttura  delle  cellule  di  alcuni  tumori."    Boll.  d.  Soc. 

med.  chir.  di  Pavia,  1909,  xxiii.  p.  34. 
3-1.  \  KR80N,  S. — ''Contributo  alio  studio  delle  cellule  giganti  tubercolaii  e  di  altvi 
elementi  cellulari  normali  e  patologici."     Arch.  Scienze  Med.  J908,  xxxii. 
p.  489. 


PLATE  X. 


Fig.  1.— Unusual  aspect  of  Golgi"s  apparatus  in 
hypertrophic  mono-nucleated  cell^  of  fibro- 
sarcoma of  rat  (Rat  16).  A,  cell  with 
hypertrophic  apparatus;  B,  cell  with 
apparatus  formed  of  threads  envelopino: 
the    nucleus.      Cobalt     nitrate    metliod. 
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Fig.  2.— Greatly  hypeitrophied  appara- 
tus formed  of  irregular  threads 
arranged  into  a  network  enclosing 
the  nucleus.  From  the  same 
material     and     same     method    as 


Fig.  1 
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Fig.  3. — Internal  apparatus  and  chondriosomcs  in  healthy  cells  of  squamous  cell 
carcinoma  of  mouse  (Tumour  6.30).     Cobalt  nitrate  method.     X  ^~. 
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Fig.  4. — Interna]  appftiatiis  and  chrondiiosomes  in  keratinising'  cells  ot  squamous  cell  carcinoma 
of  mouse  (^Tnmoiir  630).     Cobalt  nitrate  method.     X  ^~^. 
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Fig.  5. — Adenomatous  area  of  adeno-carcinoma  of  rat-— — r =7r-r.     Incomplete  alveoli  lined  bv 

obA— o7A  -^ 

irregularly  shaped  cells,  some  of  Avhich  are  multi-nucleated.     X    ^  * 


PLATE  XII. 


Fig.  6. — Aspect  of  the  internal  apparatus 
in     some    cells     of    adeno-carcinoma 
Rat  9 


of    rat      ;:: 


56  A -57  A 


Cobalt   nitrate 


method.     X 
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Fig.  7. — From  the  same  speci- 
men as  Fig.  6.  Internal 
apparatus  in  binucleated 
cells,      x^^. 


Fig.  8. — Internal  apparatus  of  large  mono-nucleated  cells  of  the  same  strain  as  Figs.  6 
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and  7,  seventeen  generations  later.     Potassium  antimoniate  method.      X     f— 


PLATE  XIII. 


Fig.  9. —  \  anously  shaped  apparatus  of  liealthy  cells  of  Jensen's  carcinoma  of  mouse. 


Cobalt  nitrate  method.      X 
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Fig.  10. — Rinj^-like  and  loop-like  aspect  of  the  parts  forming  the  apparatus  in  healtliy  and  degenerating 


cells  of  Jensen's  carcinoma  of  mouse.     Cobalt  nitrate  method.     X 


1940 


PLATE  XIV 
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Fm.  11.— Apparatus  formed  of  short  rods  not  clearly  joined     Fig.  13.— Apparatus    relatively    small 
into  a  network  and  collected  on  tlie  side  of  the  nucleus  and   structurally  compact  in  cells 

turned    towards    the   centre    of   the    nodule.       Adeno-  of  alveolar  carcinoma  199.     Cobalt 


carcinoma  27.     Cobalt  nitrate  method.     X  ^^^- 


nitrate  method. 


^^. 


«^^ 


Fig.  12. — Unusual  aspect  of  the  apparatus  in  some  cells  of  the  same  tumour 
as  Fig.  11.  Apparatus  reduced  to  a  few  rods  in  dividing  cell,  and  formed  of 
many  bent  pieces  in  binucleated  cell.     Method  and  magnification  as  above. 
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Fig.  14.— Well-developed  and  distinctly  reticular  apparatus  in  cells  of  hremorrhagic  alveolar  carcinoma  91, 
In  the  centre  two  dividing  cells  with  fragmented  apparatus.     Cobalt  nitrate  method.      X  ^^. 
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Fig.  15. — Apparatus  in  cells  of  aveolar  carcinoma  206,  simihirto  that  of  tumour  91  but  more  delicate 
in  structure.     Method  and  magnification  as  above. 
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Fig.  16.  -Very  small  apparatus,  characteristic 
of  alveolar  carcinoma  113.  Cobalt  nitrate 
method.      X  ^^;'". 
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Fig  17. — Spontaneous,  cystic  alveolar  and  acinous, 
adenc-carcinoma  of  mouse  (1536).  Cobalt  nitrate 
method.     X  --. 
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Fig.  18. — Finely  reticular  structure  of 
apparatus  in  cells  lining  incomplete 
glandular  tubules  of  the  same  tumour 
as    Fig.    17.     Cobalt   nitrate    method. 
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Fig.  19.— Internal  apparatus  and 
chondriosomes  in  cells  of 
mouse  sarcoma  37  S.    Cobalt 


nitrate  method.     X 
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Fig.  20 — Irregularly  sl)aped  and  filamentous  apparatus  of  Jensen's  sarcoma  of  rat  (J.  R.  S.). 


Cobalt  nitrate  method.      X  -^-. 
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Fig.  21. — Apparatus  of  coarse  aspect  observed  in  most  cells  of  Hbro-sarcoma  of  rat  (Rut  16). 

Method  as  above.     X  -^f ^. 


PLATE  XVIII. 


Fig.  22,— Myxomatous  areas  of  lipo-sarcoma  of  g-uinea-pig.     Small  apparatus  formed  by  short  rods 
now  and  then  fusing  into  a  network.     Arsenious  acid  method.      X  i^^. 
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Fia.  23. — Aspect  of  apparatus  in  fat  cells  of  the  same  tumour  as  Fig-.  22. 
Method  as  above.     X  ^^ 
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Fig.  24.-The  apparatus  at  the  beginning  of  mitotic  division  of  tumour  cells.     From  spindle  cell  sarcom  i 
of  mouse  37  S.     Potassium  antimoniate  method,      x  — . 
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Fig.  25. — The  apparatus  during-  successive  phases  of  mitotic  division  of  tumour  cells.     A-h\,  from  Jensen's 
carcinoma  of  mouse.     Uranium  nitrate  method,     G,  from  tumour  37  S.     Potassium  antimoniate  method. 
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Fig.  26.— Apparatus  well  individualised  and  centrally  situated  in  multi-nucleated 
cells  of  adeno-carcinoma  of  rat  (Bat  9).     Potassium   antimoniate   method 
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Fig.  27. — Apparatus  and  chondriosomes  in  some  elements  of  polymorphous 
cell  sarcoma  of  vertebral  column  of  mouse  (1030).  Description  in  text.  Cobalt 
nitrate  method.      X 
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PLATE  XXI. 


Kjg.  28.— Hypeiti-opliic  a])paratus  in  central  nodule  of  keratinising  area  of 
squamous  cell  carcinoma  of  mouse.     Cobalt  nitrate  method,      x  — • 
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Fig.  29. — Remains  of  apparatus  («)  and  chondrio-  Fig.  30.— llemain.s  uf  apparatus  {a)  and  chondriosomes  (c/i.) 

somes    (ch.)  in   giant-cell  of  ])olymorph()U,s  in  giant-cell  of  the  same  tumour  as  Fig.  29.     Proto- 

cell  sarcoma  of  vertebral  column.      Nuclei  plasm   occupied   by   a   great  mass  of  nuclear   matter 

in  initial  phases  of  mitotic  division.     Cobalt  probably   due  to    incomplete   fusion    of  many   nuclei- 

nitrate  method.     X  ^^-*^.  Cobalt  nitrate  method.     X '^^. 
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Fig.  31. — Hypertrophic  and  giant-cells  of  lipo-sarcoma  of  guinea-pig.  A  and  B,  with  vacuolised 
cytoplasm  and  apparatus  reduced  to  rod-like  pieces  and  granules.  C,  with  accumulating 
fat-drops,   pycnotic    nuclei    and   atrophying    apparatus.     D,   two   cells  in  advanced  stage    of 

degeneration.     Cobalt  nitrate  method.     X  -;— . 
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Fig.  '3'2. — Apparatus  of  degenerating  cells  and  of  elements  of  stroma.     Detailed  description  in  text. 
From  htemorrliagic  and  cystic  alveolar  carcinoma  of  mouse  91.     Method  as  above.     X  ^^"^* 


i 


w 

<D 
O 
O 

c6 

O 


University  of  Toroi 

!3i„,,g,,ii  Library 

He   Med<>al 

lerials 

DO  NOT           > 

1 

o 

O 

REH^QVp        / 

o     • 

O 

the(J      1 

<D    O      • 
03    eu    0 

CAR< 

'0)     3)  3 

FROfli:        \ 

THiO          \ 

Q) 
01      'J 

POCKET 

•H  CO 

*/)_ 

M 

yj 

.^°^^ 

:C 

^v^ 

' ''} 

1 

1 

'  • 


;r 


^.i 


'4 


w 


